


ra (fo 
Ci Pipl, at agreu!te re, ts eA Y | 
——— 


+ IYZb 


JOURNAL @ Poon 
AGRICULTURAL 
RESEARCH 





VOLUME XXXII 


JANUARY 1-JUNE 15, 1926 


PUBLISHED BY AUTHORITY OF THE SECRETARY OF AGRICULTURE 
WITH THE COOPERATION OF THE ASSOCIATION 
OF LAND-GRANT COLLEGES 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1926 











JOINT COMMITTEE ON POLICY AND MANUSCRIPTS 


FOR THE UNITED STATES DEPARTMENT FOR THE ASSOCIATION OF LAND-GRANT 


OF AGRICULTURE COLLEGES 

E. W. ALLEN, CHAIRMAN R. W. THATCHER 

Chief. Office of Experiment Siations Director, New York Experiment Stations 
Cc. L. MARLATT H. W. MUMFORD 

Chairman, Federal Horticultural Board, and Dean, Illinois College of Agriculture, and 

Associate Chief. Bureau of Entomology Director of Experiment Station 

Cc. L. SHEAR S. B. HASKELL 

Senior Pathologist in Charge, Plant Disease Director, Massachusetts Experiment Station 


Survey and Pathological Collections 


EDITORIAL SUPERVISION 


M. C. MERRILL 
Editorial Chief of Publications, United States Department of Agriculture 





All correspondence regarding articles from State experiment stations should be 
addressed to R. W. Thatcher, Agricultural Experiment Station, Ithaca, N. Y. 





Published on the first and fifteenth of each month. This volume will consist of 
twelve numbers and the Contents and Index. 
Subscription price: Domestic, $4.00 a year (two volumes) 
Single numbers, 20 cents 
Foreign, $5.25 a year (two volumes) 
Single numbers, 25 cents 
If separates are desired in quantity, they should be ordered at the time the manu- 
script is sent to the printer; single copies: may be purchased until the supply is 
exhausted; in either case they will be supplied at cost. 
Address all correspondence regarding subscriptions and purchase of numbers 
and separates to the Superintendent of Documents, Government Priiting Office, 
Washington, D. C. 




















— OF AGRICULTURAL RESEARCH 





Vou. XXXIT WwW ASHINGTON, D. C., Janu ARY 1—JUNE 15, 1926 
CONTENTS 
Page 
Some High-temperature Effects in Apples: Contrasts in the Two Sides of 
an Apple. CHARLEs Brooks and D. F. Fisuer (4 plates; 2 text figures) - 1 
Behavior of Cotton Root Rot at Greenville, Tex., including an Experi- 
ment with Clean Fallows. Homer C. McNamara (4 text figures) _ ___ 17 
The Pasmo Disease of Flax. W. E. Brentzeu (5 plates; 1 text figure) _ - 25 
Correlated Characters in a Maize Hybrid. J. H. Kempton (3 text 
OEE EEA LEELA LRP DELLA A: Sp ELE LEAL ALN ETE I A 39 
Relative Toxicity of the Lupine Alkaloids. James Firron Coucn- ----- 51 
Life History of Ustilago striaeformis (Westd.) Niessl Which Causes a Leaf 
IE 0, Ne enn nee micnaiet eaameneas 69 
On the Réle of Caicium Hydroxide in Hydrated Lime- acid Lead Arsenate 
Sg. inc kn 77 
Studies on the Influence of Some Environmental Factors in the Dev elop- 
ment of Crown Gall. A. J. Riker (3 plates; 2 text figures) _________- 83 
Ringspot of Crucifers Caused by Mycosphaerella brassicicola (Fr.) Lindau. 
J. L. Weimer (6 plates; 2 text figures)___._.........---_.--.---_-- 97 
Relation of Temperature to Spore Germination and Growth of Urocystis 
cepulae. J.C. WALKER and F. L. WELLMAN (1 plate; 3 text figures) - 133 
Effects of Weather on the World Distribution and Prevalence of Citrus 
Canker and Citrus Scab. Grorcr L. Pevtier and WILLIAM FREDERICH 
4 Ree RLY Biel ts Ay = a rn are ee A as ee 7s 147 
Genetics of Marquis Turkey “Wheat in ~ Respect to Bunt Resistance, 
Winter Habit, and Awnlessness. E. F. Garnes and H. P. SinGLeron (3 
text figures) - : $ : 165 
On the Nature of Resistance to Cabbage Yellows. E. C. Tims (2 text 
IN = ene coin ooo be cid cha ob asl 0 be ed heck a a ean ee 183 
Rye Resistant to Leaf Rust, Stem Rust, “and Powdery Mildew. E. B. 
Marns (6 plates) _____-_-_-- 201 
Water-core of Apples. CHARLES Brooks and D. F. Fisner (1 plate; 9 text 
EEE LI MOE RL EAD Py DEA I LIE! oe 223 
Platygaster hiemalis Forbes, a Parasite of the Hessian Fly. CHares C. 
GR I ne her alts SE ttn nd latipes irae gic mal 261 
A Biological Study of Cephus pygmaeus (Linnaeus), the Wheat-stem 
Sawfly. Donatp T. Ries (10 text figures) ie A AR LEI IA AE 277 
Experiments on the Contro) of Cotton Root Rot in Arizona. C. J. Kine 
and H. F. Loomis (2 plates; 2 text figures) = 297 
Root Rot of the Bean in California Caused by Fusarium martii “phaseoli 
Burk. and F. aduncisporum n. sp. J. L. Weimer and L. L. Harter (3 
RIN Ss 3c ga ee te eek eine eee ines es ee 311 
A Laboratory Study to Determine the Best Time to Ensile Corn, Sun- 
flowers, and Sudan Grass. P. A. Wrigut and R. H. SHaw_____---__- 321 
Further Studies on the Overwintering of Pseudomonas citri. GErorGE L. 
PELTIER and WiLuiAM J. Frepericu (3 plates)__________________--- 335 
The Effectiveness of Certain Paraffin Derivatives in Attracting Flies. . 
WeEetAae Ce, Cem C0 Ge hon be oon oh ee natn ate we 347 
The Practicability of Quantitative Toxicological Investigations on Man- 
dibulate Insects. F. L. Camppeu (2 text figures)_________________- 359 
A Genetical Study of the Fertility of the Lateral Florets of the Barley 
Spike. M. C. Gruuis (4 text figures)....._.__________- 367 
A Leaf, Bract, and Boll Spot of Sea-island Cotton Caused by Helmintho- 
sporium gossypii n. sp. C. M. Tucker (2 text figures) _____._.______- 391 


(111) 











Vitamin A in Oleo Oil and Oleo Stearin. Raten HoaGLanp and GrorGE 
es | ee eee re eee ee ae ee ee es 

Life History of the Variegated Cutworm Tachina Fly, Archytas analis. 
H. W. ALLEN (1 plate; 6 text figures) _______ 

Further Studies of Potato Wilt Caused by V erticillium albo-atrum. M. B. 
McKay (7 plates; 5 text figures) ___________- . Ae 
Phytophthora Bud Rot of Coconut Palms in Porto Rico. C. M. Tucker 

(20 text figures) _ ._-_--- 

as Alternate Extraction and Exposure Method Used in Connection with 
Study of Arsenicals. S. LoMAnitz_--- 

The Determination of Increment in Cut-Over Stands of Western Yellow 
Pine in Arizona. HERMANN Kravucu (20 text figures) ___ sats 

A Method of Preparing Timber-yield Tables. DoNna.p Bruce (8 text 
(RA a RRR Bec ae Seal pe ES Oy oS te Ld easis 

Chromosomes and Their Signific ance in Straw berry C lassification. A. E. 
Rk eee 

The Digestibility and Energy Values of Feeds for Horses. J. B. LInDsEY. 
C. L. Beats, and J. G. ARCHIBALD (1 text figure) _ __- 

The Relationship between the Concentration of the Soil Solution and the 
Physicochemical Properties of the Leaf-tissue Fluids of Egyptian and 
U pland Cotton. J. ArtHur Harris (6 text figures) __—___-_ 

A Study of Smut Resistance in Corn Seedlings Grown in the yreenhouse. 
W. TispALE and C. O. Jounston (3 plates) _ _ _ _- 

Development in Immature Barley Kernels Removed from the Plant. 
Harry V. Haran and Merritt N. Pope (1 plate; 1 text figure) ____ _- 

Nutritive Value of the Protein in Veal and Calf Sweetbreads; in Beef 
Cheek Meat, Lips, Tongues, Brains, Spleen, and Tripe; and in Hog 
Brains and Tongues. RautpH HOAGLAND and GEorGE G. SNIDER-____. 

Observations on a Recurring Outbreak of Heterocampa guttivitta Walker 
and Natural Enemies Controlling It. C. W. Couuins_-___-_- 

Cytological Studies of Forms 9, 21, and 27 of Puccinia graminis tritici on 
Khapli Emmer. Ruts F. AL LEN (9 plates) _____- 

Practical Methods of Estimating the Proportions of Fat and Bone in Cat- 
tle Slaughter in Commercial Packing Plants. J. L. Lusu (10 text 
aN ES RN ek 8 ape lll gS es AR NE eee 

Relation of Growth in the Potato Tuber to the Potato-scab Disease. 
Hur.ey Fe.iows (5 plates; 7 text figures) - - _-- sashisteche mei aiieaba 

An Anatomic Study of Zoniloides arboreus Say. Pavut Bartscu and 
Mary Evarne Quick (4 plates)___________- 

Studies on Gossypol: The Gossypol and D- Gossypol Content of Some 
North Carolina Cottonseed Meals. F. W. SHERWoop______________- 

The Respiration of Bartlett Pears. J. R. MaGness and W. ‘S. BALLARD 
aE Mo at a I A ee md 

Calcium and Phosphorus Metabolism in Dairy Cows. ~ Epwarp B. MEras, 
Wituiam A. Turner, T. Swann Harpina, Artour M. Hartman, and 
Frep M. Grant (3 text Cag ie ee ee ‘ae 

The Pea Aphis in California. Roy E. CAMPBELL (8 text figures) -___- 

Botrytis Blossom Blight and Leaf Spot of Geranium, and Its Relation to 
the Gray Mold of Head Lettuce. L. E. MELCHERS (3 plates) - 

A Physiological Study of the Growth of the Mediterranean Flour Moth 
(Ephestia kuehniella Zeller) in Wheat Flour. Cuarves H. Ricnarpson 

og AES FUE RE ee eee ee 

Selestaamna of Resistance to Leaf Rust, Puccinia triticina Erikss., in 
Crosses of Common Wheat, Triticum vulgare Vill. E. B. Matns, C. E. 
Lereurty, and C. O. JOHNSTON ) 2 

Inheritance of Resistance to Bunt (Tilletia tritici (Bjerk.) Winter) in 
Wheat. Frep N. Briaas (5 text figures) ______________-_- 

The Effect of Outside Rows on the Yields of Plots of Kafir and Milo, at 
Hays, Kans. Joun 8S. Cove and A. L. Hauusrep (2 text figures) 

The Question of Nuclear Fusions in the Blackberry Rust, Caeoma nitens. 
B. O. Dopee and L. O. Gatser (4 plates) ____-____- Ret fe otle x 
Nutritive Value of the Protein in Voluntary Muscle, Heart, Liver, and 
Kidney, from Cattle, Sheep,and Hogs. Ravru HoAGuanp and GEorGE 
G. SNIDER (2 text figures) Up Np toy ake EFI ge Eee Se on RET : 

Determination of the Percentage of Infestation by the Hessian Fly, Phy- 

tophaga destructor Say. W.H. Larrimer and W. B. Cartwricat- 





Journal of Agricultural Research Vol. XXXII 


569 


605 
649 


669 


679 
689 
701 


833 
861 


883 


895 


931 


973 


991 


1003 


1025 
1041 








Jan. 1-June 15, 1926 Contents 


Determination by the 5-Square-Yard Method of the Yield of Wheat Plots 
Used in Studies of the Hessian Fly, Phytophaga destructor Say. 3. 
Cartwricut and W. H. LarRimer..............-....-..------.--- 

Determination of the Percentage of Parasitism of the Hessian Fly, Phy- 
tophaga destructor Say. W.H. Larrimer and W. B. Nosie-_---- 

A Two-year Study of the Development of the European Corn Borer in 1 the 
New England Area. Grorce W. Barer (3 text figures) _____ _- 

Toxicity of Organic Compounds to the Spores of Phytophthora colocasiae 
SE ee ae ee ee eee te 

Observations on Cirphis latiuscula ‘HH. Sch. in the Gulf Coast Region of 
Texas. R. A. Vickery (3 text figures) _ 

The Biology of Macrocentrus ancylivora Rohwer, an Important ‘Parasite of 
the Strawberry Leaf Roller (Ancylis comptana Froehl). Davin E. Fink 
(0 Seal Glee 2 ot ee eos 

The Comparative Susceptibillty ‘of Sweet- -potato Varieties to Black Rot. 
L. L. Harter, J. L. Wermer, and J. I. LAurirzen- 

The Effect of Moisture on the Loss of Sugar from » Sugar Beets in Storage. 
Dean A. Pack (1 text figure) _ - _ _ _- 

Influence of Soil Temperature and Soil Moisture on the Infection of Sweet 
Potatoes by the Black-rot Fungus. L. L. HaArtTer and W. A. WHITNEY 
(2 text figures) 

The Moving Average as a Basis for Measuring Correlated Variation in 
Agronomic Experiments. FREpERIcK D. Ricupy_______-_---- 

Further Observations on the Relations between Growth and. Sap Concen- 
tration in Citrus Trees. H.S. Resp and F. F. Haima (10 text figures) 

A Method of Growing Corn Seedlings (Zea mays) Free from Seed-Borne 
Organisms. W. D. Vauuieavu and E. M. JoHNnson (3 text figures) 


1045 
1049 
1053 
1069 
1099 


1121 
1135 
1143 


1153 
1161 














ERRATA AND AUTHORS’ EMENDATIONS 


Page 20, sixth line from bottom, “‘inected’’ should be “‘infected.’’ 

Page 51, paragraph 4, last line, ‘‘of’’ should be omitted. 

Page 51, footnote 3, reference should be JAMES FITTON COUCH, A NEW LUPINE ALKALOID, SPATHULATINE 
ISOLATED FROM LUPINUS SPATHULATUS (RYDB.). Jour. Amer. Chem. Soc. 46: 2507-2514: 1924. 

Page 103, Plate III, the large seed pod at right should be labeled “‘C.’’ In the legend to C, omit ‘‘s’’ from 
**portions.”’ 

Pages 123 and 125, the legends to Plates 5 and 6 should be interchanged. 

Page 136, omit last sentence in legend. 

Page 142, second paragraph, line 3, should be “‘ 4 ascalonicum.”’ 

Page 142, last line, ‘‘eastern’’ should be “‘ western.”’ 

Page 274, Figure 6, the labels are transposed. ‘Adults in Cocoons’’ should be “‘ Pupae,”’ and ‘‘ Pupae’”’ 
should be *‘ Adults in Cocoons.”’ 

Page 312, line 16, ‘‘to the Elegans type’’ should be “of the Elegans type.”’ 

Page 326, Table II, under ‘‘ Nonvolatile acid as lactic’’ ‘‘10.5’’ should be “1.05.”’ 

Page 327, fourteenth line from bottom, “25 per cent’’ should be “‘2.5 per cent.”’ 

Pages 359, 360, 362, 363, and 364, the scientific name of the tent caterpillar is written ‘‘Malacosoma ameri- 
canum’’ and ‘“‘ Malacosoma Americana.’’ The latter is the usual rendition. 

Page 384, the footnote should read “‘See page 377.’’ 

Page 385, the footnote should read ** See page 384.”’ 

Page 386, the footnote should read ‘‘ See page 382.’’ 

Page 455, line 14, “‘ Verticellium’’ should be “ Verticillium.”’ 

Page 513, line 20, amend sentence beginning ‘‘ These plots or strips—,”’ to read ‘These plots or strips, as 
the case may be, should, however, be permanent, for they are to be used not only as a basis for the present 
stand table but also as a basis for correcting this table periodically in accordance with the mortality 
which occurs in the various diameter classes.’’ Strike out “‘further’’ in sentence following. 

Page 535, seventeenth line from bottom, insert ‘* However,’’ before sentence beginning ‘‘ Regardless of 
growth—.”’ 

Page 552, Figure 7, ‘‘ Fig. 7"’ should be “‘ Fig. 8.”’ 

553, Figure 8, “‘ Fig. 8’’ should be “ Fig. 7’’ and “ Fig. 7’’ in the graph should be “ Fig. 8.” 





Page ! 

Page 560, line 25, ‘‘chromo-acetic’’ should be ‘‘aceto-carmine.”’ 

Page 561, footnote, *‘ The drawings A, G, and H”’ should be “All drawings.”’ 

Page 563, footnote, ‘‘The drawings A, H, and L should be “ The drawings A, E, F, G, and I.” 

Page 598, last paragraph, lines 1, 3, and 7, eliminate ‘‘net.’”’ 

Page 603, line 15, ‘‘The percentage net energy or production values’’ should read ‘“‘The percentage 
energy utilized.”’ 

Page 660, tenth line from bottom, insert ‘‘and carrot’’ between “‘agar’’ and ‘‘decoction.’’ 

Page 701, eighth line from bottom, ‘‘ Haerner’’ should be “‘ Hoerner.”’ 

Page 704, fifth line from bottom, *‘from”’ should be “‘in.”’ 

Page 707, Table III, column 2 under Form 9, line 7, “‘8’’ should be “‘2.’’ 

Page 708, line 15, ‘‘uncongenial with’’ should be *‘ toxic to.”’ 

Page 712, eighth line from bottom, ‘nucleoli are’’ should be “ nucleolus is.’’ 

Page 715, paragraph 3, lines 6, 10, 12, *‘from’’ should be ‘‘in.’’ 

Page 718, line 12, insert ‘‘that’’ after ‘‘so.’’ 

Page 731, near bottom of page, equations 1 and 2, the commas between “ body’’ and “‘0.7197’’ and between 
*“*flesh’’ and ‘1.3740’ should be replaced by ‘‘equals”’ signs. 

Page 763, Plate II, ‘“‘C’’ should be “‘A, ‘‘D’’ should be “B,’’ “B”’ should be “C,”’ and “A’”’ should be 
—_—" 

Page 797, Table III, for samples Nos. 41, 42, and 43, “‘ meals’’ should be “‘ meats.” 

Page 1019, third line from bottom, insert “‘nucleated’’ between ‘‘two’’ and “‘spores.”’ 





J 


Page 1044, Formula 5 should read PE (E:i+(F2)= e+e 

ISF2 > O27 = 

=a a eos 72.08 bushels. 

Page 1051, lines 8 and 19, radicals should be completed in formula. 

Page 1051, line 30, the equation should be PE=0.6745¢ 

Page 1066, twenty-second line from bottom, ‘‘curve of close of oviposition’’ should be “‘curve of close of 
incubation.”’ 

Page 1181, Table I, column 7, line 17, ‘*16.98"’ should be ‘‘ 16.89.” 


Page 1046, last line should read =v 


(vil) 

















JOURNAL OF AGRICULTURAL RESEARCH 


VoL. XXXII Wasuinerton, D. C., January 1, 1926 No. 1 











SOME HIGH-TEMPERATURE EFFECTS IN APPLES: CON- 
TRASTS IN THE TWO SIDES OF AN APPLE’ 


By Cuar.es Brooks, Senior Pathologist, and D. F. Fisner, Pathologist, Fruit 
Disease Investigations, Bureau of Plant Industry, United States Department of 


Agriculture 
INTRODUCTION 


It is well known that apples, like other plants, have very definite 
temperature responses a limitations. Their limit of resistance to 
low temperatures has received a great deal of attention, and in many 
cases has been fairly well established. Their limit of resistance to 
high temperatures, and their response to extreme heat, has received 
much less consideration. The present paper does not pretend to 
record any definite heat limit for apples, but is a report of the effect 
of certain high-temperature periods upon the apple fruit. The unpre- 
cedented heat wave of 1918 and the exceedingly hot weather of 1924 
have furnished the conditions of the studies reported here. 


THE EASTERN HEAT WAVE OF 1918 


The July of 1918 was the coolest July on record for Virginia, and 
the coolest July since 1891 for Maryland and Delaware. The July 
departure from normal in Virginia was —3.7° F. and in Maryland 
and Delaware —2.7°. 

The rainfall for July was also below normal in most sections of the 
above States. The average for Virginia was 3.50 inches, or 0.81 
inch below normal, and the average for Maryland and Delaware was 
3.05 inches, or 1.17 inches below normal. The rainfall for Washing- 
ton, D. C. for the month was 3.79 inches, and the rainfall for Win- 
chester, Va., was 2.20 inches. Washington had moderate rains dur- 
ing the last week of July, but Winchester and the Shenandoah Valley 
had little rain during this period. The rainfall, in general, was well 
distributed throughout the month. The prevailing winds were light, 
and this, together with the low temperatures, prevented excessive 
evaporation from the plants and soil. Plants, in general, showed 
little if any indication of drought, and apples made a good growth, 
with apparently no checking effect from the relatively aes rainfall. 

The weather during the first four days of August was cool to sea- 
sonable, but on August 5 the temperature began to climb, and the 
heat wave catioanl for more than a week. On August 6 the maxi- 
mum temperature at Winchester, Va., was 106°, at Martinsburg, 
W. Va., 106°, at Baltimore, Md., 105°, and at Washington, D. C., 
107°. On August 7 the maximum temperature at Winchester was 
103°, at Martinsburg 104°, at Baltimore 105°, and at Washington 
105°. The maximum and minimum temperatures for Washington, 
D. C., both preceding and during the heat wave, are shown in the 


1 Received for publication Feb. 10, 1925; issued January, 1926. 
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curves of Figure 1. The records from the other United States 
Weather Bureau stations of the section give very similar temperature 
curves for this period. For duration and intensity, the heat wave 
that prevailed from August 4 to 14 was ranked by the United States 
Weather Bureau as the most extreme on record for the section. The 
effect of the heat wave upon the people was severe. In Virginia 288 
prostrations and 21 deaths were reported; in Baltimore 116 prostra- 
tions and 16 deaths. 

The high temperatures were accompanied by a relatively high per- 
centage of sonihine, especially during the first part of the period. 
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Fia. 1.—Maximum and minimum temperatures for Washington, D. C., during July and the first 20 days 
of August in 1918, 1921, and 1924. After United States Weather Bureau Climatological Data (12) 


At Washington, D. C., the percentage of possible sunshine on August 
5 was 81, on August 6, 100; on August 7, 77; and on August 8, 74. 

A thunderstorm occurred on August 7, with a precipitation of 1.08 
inches at Winchester, 0.32 inch at Martinsburg, 0.29 inch at Balti- 
more, and 1.30 inches at Washington. There were local showers on 
August 9, and a more general rain on August 10 and 11. 





LEGEND FOR PLATE 1 


A.—York Imperial from Gerrardstown, W. Va., as affected by the heat wave of 1918. Jllustration shows 
condition of the fruit on August 30, about three weeks after the period of greatest heat 

B —Cross section of the apple shown in A 

C.— Ben Davis from Vienna, Va., as affected by the heat wave of 1918. The painting shows the condition 
of the fruit on August 31 

D.—Cross section of the apple shown in C 

E.—A common form of heat injury on York Imperial. The circular depression was at the margin of the 
em of greatest exposure 

*.—Cross section of the apple shown in E 
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EFFECT OF THE HEAT WAVE OF 1918 ON APPLES 


The losses in tomatoes, apples, and other crops was the er of 
much comment at the time of the heat wave, but apparently was 
not made a matter of published record. The injuries to the fruit 
of the apples ranged from isolated spots of brown, spongy tissue in 
different parts of the flesh through various stages of partial collapse 
to a completely baked appearance that sometimes involved the entire 
apple. 

"Tentiaaiait Greening apples were the most severely affected. In 
sections of the Shenandoah Valley near Inwood, W. Va., the crop 
was practically destroyed, scarcely any sound apples being left on 
the trees. Sometimes the injury was confined largely to the exposed 
side of the apple, but it was quite common for the entire = to be 
involved and to have the appearance of having been actually cooked 
to the core. In some cases the injury was largely on the apples that 
had at least a moderate degree of exposure to sunlight, but in others 
the greener apples from the most shaded locations were completely 
“baked,” taking on a brown, mushy, watery appearance and soon 
dropping from the tree. 

Roberts (7)? reported an injury of Northwestern Greening in Wis- 

consin that was first noticed about August 20, 1918. He attributed 
the trouble to the extreme drought that prevailed. The apples did 
not become “baked” as described above, but developed various 
forms of “crinkle” and “ cork.” 
Other varieties of apples in the Shenandoah Valley showed various 
degrees of injury from the heat wave, but none of them the complete 
collapse that was found with the Northwestern Greening. The 
York Imperial developed a large percentage of apples with more or 
less brown, spongy tissue. In the more extreme cases practically 
all of the outer flesh of the apple was killed, soon becoming brown 
and collapsed. The skin usually retained its normal appearance, 
but in some instances a part of the skin was also killed, resulting a 
little later in wrinkled and corrugated apples with strips or islands 
of sound green tissue partially or entirely surrounded by brown dead 
areas. (See pl. 1, A and B.) Much of this fruit dropped from the 
tree, yet an almost infinite variety of malformed apples was left to 
be sorted out at picking time. 

A common form of injury on the York Imperial and a number of 
other varieties was that of spots of spongy or corky tissue in the 
flesh of the apple. The spots varied from one-fourth to three-fourths 
of an inch in diameter. Sometimes a spot stood alone, but more often 
there were a number of spots, or a more or less continuous band of 
brown, corky tissue. The spots were usually within a half inch of the 
surface of the apple and the skin above apparently sound and normal, 
but later becoming more highly colored than the surrounding area. 
At picking time the location of the spots was sometimes indicated 
by a slight depression as well as by Sihiened color. The injury 
usually occurred on the exposed side of the apple and frequently 
at the margin rather than the center of the most exposed area. 

The most common form of injury on the Ben Davis variety was 
a browning of the tissue around the core with the outer flesh entirely 





2 Reference is made by number (italic) to ‘‘ Literature cited,” p. 15. 
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normal, but in an orchard at Vienna, Va., the tissue immediately 
beneath the skin of the apples was brown and collapsed, making 
an almost complete layer of dead tissue surrounding the sound 
interior portion of the apple. The condition of these apples on 
August 29 is shown in C and D of Plate 1. The apples had con- 
tinued to enlarge, but the surface of the apple had taken on a peculiar 
bumpy or warty appearance, the elevations and depressions appar- 
ently being due to variations in the thickness of the sound surface 
layer and the extent of the collapse in the tissue beneath. 

A Ben Davis tree affected with root rot was found in this Vienna 
orchard. As a result of the weakened condition of the tree, the 
foliage was scant and the small and medium-sized apples were freely 
exposed to the intense sunlight, but the heat wave left no evidence 
of injury on the fruit. The contrasts in the condition of the apples 
on the diseased and healthy Ben Davis trees made it strikingly 
evident that growth conditions played a very important part in 
determining the effect of the heat wave. 


THE HOT WEATHER OF 1924 


Since 1918 the section under consideration above has had no 
July so cool and no August so hot as reported for that year. In 
Maryland and Delaware the departure from normal in July in 1918 
was —2.7° F. and the departure in August from normal +2.6°, 
with 109° as the highest temperature recorded in August. In 1920 
the July departure from normal was —2.2° but the August departure 
from normal was only +0.2°, and the highest temperature for 
August 95°. In 1921 the departure from normal in July was +2.50°, 
and the departure from normal in August was —2.1°, with 98° as 
the highest temperature for August. The maximum and minimum 
temperatures for Washington, D. C., in July and August, 1921, 
are shown in Figure 1. 

In 1924 the weather conditions for the section were somewhat 
similar to those of 1918, but much less severe. In Maryland and 
Delaware the July departure from normal was —2.2° F. The 
August departure from normal was 0.0°, but there was a period of 
extreme heat from August 5 to 9 in which a maximum of 103° was 
reached on August 6. This was the highest temperature for these 
States since 1918, and the first August temperature since 1918 that 
reached 100°. The extreme heat was in decided contrast to the 
relatively cool weather that had preceded. (See fig. 1, record for 
Washington, D. C.) The July rainfall for Maryland and Delaware 
was 2.48 inches, or 1.86 inches below normal, and for Virginia was 
3.61 inches, or 0.98 inch below normal. 


EFFECT OF THE HOT WEATHER OF 1924 ON APPLES 


As pointed out above, the July temperatures for 1924 were not 
so low nor the early August temperatures so high as those of 1918. 
The injury to apples was correspondingly less; in fact, so little oc- 
curred that it received no general attention. Such troubles as were 
observed by the writers were confined almost entirely to Northwestern 
Greening and York Imperial varieties. 

On Northwestern Greening, the injury was evident to surface 
view as slightly depressed areas having a darker and somewhat 
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orthwestern Greening from Arlington, Va., August 28, 1924. The dark band had 
a watery appearance, but retained its green color 
B.—Longitudinal section of apple shown in A. The brown water-soaked tissue was be- 
neath the dark band 
C.—Northwestern Greening from Snow Hill, Md., September 3, 1924. The skin of the 
injured area retained its green color 
D.—Longitudinal section of the apple shownin C. The affected tissue came very near to 
he surface of the apple 
York Imperial from Snow Hill, Md., September 3, 1924. The slightly sunken and 
more highly colored band was at the margin of the blush area 
F.—Longitudinal section of the apple shown in E. The affected tissue was brown and 
spongy and was located beneath the sunken area 
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water-soaked appearance. Upon cutting into the apple, the tissue 
beneath was found to be brown and watersoaked and sometimes 
bordered by fairly typical water-core. (See pl. 2, A, B, C, and D. 
The affected tissue did not dry out rapidly or become greatly col- 
lapsed. The greatest injury observed was in an orchard at Snow 
Hill, Eastern Shore of Maryland, where possibly 5 per cent of the 
crop was affected with the above trouble. 

he first report of injury to York Imperial came from Snow Hill, 
Md., on August 14, 1924. Specimens forwarded to the Department 
of Agriculture at that time showed slightly depressed areas on what 
was evidently the exposed side of the apple. The tissue beneath 
was brown, moist, only slightly collapsed, and often bordered with 
water-core. 

The Snow Hill section was visited on September 3, and it was 
found that while the injury was of general occurrence throughout 
the orchards it reached serious proportions only in certain localities 
where the soil was poorly drained. This soil had been somewhat 
waterlogged early in the season but had become quite dry at the 
time of the heat wave, apparently resulting in a sudden shortage of 
water with trees that had started the season with an excessive 
supply. 

On September 3 the injury on the York Imperial apples appeared 
to surface view as spots and bands, usually eanbed at the margin 
of the blush area. The affected tissue was usually slightly depressed 
and had indications of a dark or water-soaked tissue showing through 
from beneath. In cross section, it was found that in some cases the 
underlying tissue was dry and collapsed, sometimes to the extent of 
developing definite pockets, while in others a part of the affected 
tissue was dry, but with water-soaked or water-core tissue adjoining, 
and in still others the entire mass of tissue was wet and spongy. 
In many cases the apples that had injuries near the surface also had 
water-core deeper in the flesh. (See pl. 2, E and F; and pl. 3, 
A, B, and C.) 

While it seems probable that the soil-moisture conditions in the 
orchards had played a part in determining the extent of the injury, 
the location of the affected apples on the tree and the location of 
the injury on the apples made it evident that the exposure to sun- 
light was a most important determining factor in the development 
a the disease. The occurrence of this particular type of injury after 
the heat wave of 1918 and again after the hot weather of 1924 fur- 
nished further evidence of its association with heat and sunlight. 


HIGH TEMPERATURES IN THE IRRIGATED ORCHARDS OF THE 
NORTHWEST 


The maximum temperatures shown in Figure 1 for the heat waves 
of 1918 and 1924 are not higher than apples frequently endure 
without injury in the more arid sections of the country, where 
almost continuous sunshine prevails. The orchards of Wenatchee, 
Wash., may be taken as an illustration. Figure 2 gives some of the 
June and July temperatures for Wenatchee as reported by the United 
States Weather Bureau. The maximum temperature in 1917 was 
106° F.; in 1919 it was 107°, and in 1924, 110°. With the exception 
of 1924, however, the heat waves were preceded by relatively high 
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A.—Cross section of a York Imperial apple from Snow Hill, Md., September 3, 1924. A part 
of the affected tissue had dried out sufficiently to develop pockets in the flesh, while another part 
was completely wate aked. Water-core was evident in the region of the larger vasculars 

B.—Longitudinal section of a York Imperial apple from Snow Hill, Md., September 3, 1924. 
The affected tissue was dry and spongy, with occasional pockets developing. Water core was 
evident along the larger vasculars 

© .—Longitudinal section of a York Imperial apple from Snow Hill, Md., September 3, 1924. 
The flesh on the exposed side of the apple was brown and water-soaked, but the peel was a bright 
red. Water-core had developed near the core 

D.—Winter Banana from Rock Island, Wash., picked July 8, 1924, and photographed after 
becoming withered. Note the deep depression at the margin of what was the exposed area 

E.—Rome Beauty from Wenatchee, Wash., picked July 19, 1924. The deep depression was at 
the margin of what was apparently the most exposed ¢ 

F E, but more severely injured 
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temperatures. In 1917 there had been 15 days prior to the heat 
wave when the temperature had risen to 90° or above, and the aver- 
age maximum temperature for the 24 days preceding the hot weather 
was 87.5°. In 1918 there had been 14 days prior to the heat wave 
when the temperature had risen to 90° or above, and the average 
maximum temperature for the immediately preceding 24 days was 
88.0°. In 1919 there had been 14 days prior to the heat wave 
when the temperature had risen to 90° or above, and the average 
maximum for the immediately preceding 24 days was 89.8°. 
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Fic. 2—Maximum and minimum temperatures for Wenatchee, Wash., for the period June 5 to 
July 30 in 1917, 1918, 1919, and 1924. After U.S. Weather Bureau Climatological Data (11) 


In 1924 the situation was quite different. Not only did the heat 
wave come earlier in the season and the temperatures reach a higher 
point than in the other years, but there had been no preceding hot 
weather. There had not been a single day prior to the heat wave 
when the temperature rose as high as 90° F., and the average of the 
maximum temperatures for the 24 days preceding the heat wave was 
only 79.6°. 
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A.—Spitzenburg (Esopus), Wenatchee, Wash., September 16, 1924. The depression was at 
the margin of what was apparently the most exposed area 

B.—Longitudinal section of the apple shown in A 

C.—As A, but showing a milder form of the injury 

D.—Longitudinal section of the apple shown in C. The pockets and corky tissue were 
beneath the surface depression 

E.—Rome Beauty, Wenatchee, Wash. Pulled from shade into the sunlight September 2, 
193 The injury became evident a few days later. Photographed on October 2 

F.—As E, but a more extreme injury 
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EFFECT OF HIGH TEMPERATURES ON THE NORTHWESTERN APPLES 


A comparison of Figures 1 and 2 shows that the ee temperatures 
at Wenatchee in 1917, 1918, and 1919 surpassed those of 1924 in 
Maryland and Virginia and equaled those of the record-breaking 
eastern heat wave of 1918. But aside from occasional slight sun- 
burns, the apples of the Wenatchee Valley showed no injury from 
these high temperatures, indicating a higher degree of resistance to 
heat than that possessed by eastern apples. 

In 1924, however, the Wenatchee temperatures soared above any 
recorded for the eastern sections in question, and this immediately 
following a period of unusually low temperatures. About a week to 
10 days after this heat wave, injuries became evident on the apples. 
They were of the same type as those god reported for eastern 
apples following the hot weather of 1924: Slightly sunken areas with 
brown, collapsed, watersoaked tissue beneath and occasional evi- 
dences of water-core in adjacent tissue. The affected tissues soon 
collapsed, producing .deep depressions on the surface or definite 
pockets beneath. 

The injuries were practically all on the exposed side of the apple, 
and mation at the margin rather than at the center of the most ex- 
posed areas. (D, E, and F, pl. 3; and A, B, C, and D, pl. 4.) The 
disease was found under various orchard conditions, but was most 
common on trees growing in sandy or gravelly soil. 

The Winter Banana and Rome Beauty apples were most seriously 
affected, but even with these varieties only a small percentage of the 
crop showed definite injury. In spite of the intense heat, the loss 
in the crop was not sufficient to receive any general consideration. 


PREVIOUS EXPOSURE AS A FACTOR IN DETERMINING THE HEAT 
RESISTANCE OF APPLES 


To draw any definite*conclusion as to the cause of the difference 
in susceptibility to heat of apples from different sections of the coun- 
try, or from different trees of the same section, would require con- 
sideration of a number of factors. The orchards of the Wenatchee 
Valley are under irrigation and usually well supplied with water, 
while the amount of soil moisture in eastern orchards is largely deter- 
mined by the rainfall. Differences in cultivation, soil, subsoil, and 
cover crop may account for contrasts between different sections of 
the country and also for contrasts between different trees in the same 
orchard. While none of these factors should be overlooked, the data 
reported above seem to indicate that the temperatures to which apples 
have been previously subjected may play a very important part in 
determining the degree of their heat resistance and that ability to 
endure high temperatures can be greatly increased by gradual harden- 
ing to heat. All of the injuries described above have occurred when 
a period of hot weather had been preceded by one of unseasonably 
cool weather. 

The Wenatchee apples, which are subjected to almost continual 
burning sunshine throughout the season, are able to withstand an 
air temperature several degrees higher than that which caused serious 
injury in eastern orchards. These northwestern orchards are not all 
sufficiently well supplied with water to make soil-moisture condi- 
tions an adequate explanation for this contrast in heat resistance, 
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and it is undoubtedly to be partly, if not largely, explained on the 
basis of a gradual development of resistance to bright sunlight and 
high temperatures. 

An example of the lack of resistance to heat and sunlight is seen in 
the sunburns and blisters that develop on poorly exposed apples 
when they are suddenly brought into the open by the weighing down 
of heavily loaded limbs. In the summer of 1924 a definite test of 
this point was made at Wenatchee, Wash. On September 2, shaded 
Rome Beauty branches were pulled into bright sunlight and tied 
so that apples which were formerly shaded would be freely exposed. 
At that time the air temperature in the shade was 90° F., and the 
temperature of the exposed side of apples in full sunlight 112°. 
The maximum temperatures at Wenetehes for September 3 to 7, 
inclusive, as reported by the Wenatchee station of the Weather Bu- 
reau were 96, 98, 98, 95, and 91°, respectively. On September 5 
the apples had begun to show blisters, and on October 2 it was found 
that all but 2 of the 18 apples which had been pulled into the bright 
sunlight showed distinct injury. One of the injured apples showed a 
definite “crinkle” condition (pl. 4, E), 3 a bronzing or blistering, 
and 12 a soft, cooked condition on the exposed side (pl. 4, F). The 
en that had been continuously in an exposed position on the tree 
showed no injury, making it evident that the injury on the apples 
of the shifted limb was due to the sudden change in exposure rather 
than to the extreme heat. 


CONTRASTS BETWEEN THE hi 3) eee PARTS OF THE SAME 


The different parts of a particular apple are not usually subjected 
to the same temperature and roel do not have the same resist- 
ance to high temperatures. 

On September 10, 1923, a record was made of the temperatures of 
Winesap apples at Wenatchee. It was found that at about 3 p. m. 
the sunny side of exposed apples had a temperature of 104° F., and 
the shaded side a temperature of 91.4°, while completely shaded 
apples had a temperature of 82.4°. The air temperature in the 
shade was approximately the same as that of the shaded apples. 
In 1924 further temperature records were made in the orchards near 
Wenatchee (Table I). 


TaBLe I.—Fruit and air temperatures in apple orchards at Wenatchee, Wash., 1924 


| 





Temperature 
j l 
Variety and treatment Hour Date | E | Shaded 
| side of sideof | Applein| Air in 
exposed | exposed | shade | shade 
| apple apple | | 
| | | 
— —— " — 
} 
King David: | oF oF, oP, oF. 
Heavy irrigation. .................| 3.30 p.m July 25 | 116.0 109.0 98.0 | 100.0 
eee eee Te 26 | 115.3  * | ae 98.0 
CS OS EEE SF a eS 114.0 106. 5 | 100.7 | 98.0 
Normal irrigation. ..............-- | Se Wee Aug. 3 89.0 80.0 | 73. 6 | 75.0 
Winter Banana: 
Normal irrigation.............. 2.45p.m....| Aug. 9; 1087 97.0 86.4 | 86.0 
Mi betdinnttnhtdbuedcwnnws nasal Pied ae ie 99. 8 95.0 | 89.0 92.0 
Jonathan, normal irrigation ---.......- . see Sept. 2 108. 8 97.2 | 88.4 80.0 
Winesap: | 
pene eae = ee ae eR 105. 0 96.0 87.0 80.0 
A Se ae: __ Sees Oct. 1/ $4.7 72.8 66.7 67.8 
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On August 8 and 9, during the latter part of the hot spell of 1924, 
similar temperature records were made in the experimental orchards 
at Arlington, Va. (Table II). 


Tas_Le II.—Fruit and air temperatures in apple orchards at Arlington, Va., 1924 





| Temperature 





| 
Variety Hour Date Exposed | Shaded } 
side of sideof | Applein| Airin 
exposed exposed shade shade 
| apple apple 
7. “7. °F. “7, 
Grimes.__.- = asseoknael A Mawel De: & 105.3 94.8 90. 5 89. 6 
OS eee , 108. 3 93. 4 87.1 88. 9 
Ee |, Ee do. 105. 1 |) eae 89. 1 
Bietigheimer_...........-- BOTAN iS Se ee do.....| 111.7 95. 7 87.8 88. 2 
Nickaijack_........ SE aS See | ess Aug. 9) 111.4 104. 4 95. 7 92. 3 
| IE SES 1.15 p. m....|...d0...../ 100. 4 97.9 92.1 88. 2 
| 


Tables I and II show that the blush side of an apple may be 10 
to 16° F. warmer than the shaded side, and 12 to 25° warmer than 
the air in the shade. 

All of the apple temperatures were taken by pushing the bulb of a 
thermometer tangentially beneath the skin and allowing it to remain 
in that position till the temperature became constant. This gave the 
temperature at a depth of one-eighth to three-sixteenths inch in the 
flesh rather than immediately beneath the skin. 

Harvey (2), working with thermal couples and making tests earlier 
in the season, reported still greater contrasts in the temperatures on 
the two sides of the apple. Records taken in Wisconsin July 13, 1922, 
between 3 and 4 p. m., showed that with the air temperature at 70° 
F. and the temperature of the shaded side of a red apple at 81°, the 
temperature of the exposed side might be as high as 103°, making a 
difference of 22° between the two sides of the apple. 

Overholser, Winkler, and Jacob (6) found that under California 
conditions the temperature of exposed apples averaged about 14° F. 
higher than the temperature of apples from the shady side of the tree. 

Stevens and Wilcox (1/0) reported that on clear days the temper- 
ature of berries exposed to the sun was considerably above that of 
the surrounding air, and that currants from Milton, N. Y., in bright 
sunlight had a temperature 11° F. higher than similar fruit in the 
shade. 

It will be seen from these various records that exposed fruit actually 
endures very high temperatures, even under moderate weather con- 
ditions, and that the two sides of an apple are accustomed to very 
different degrees of heat. The two sides of an apple are also naturally 
accustomed to different degrees of light, but the writers are of the 
opinion that high temperature rather than intense sunlight is the 
determining factor in cases of injury. 

If we can assume that the more exposed side of an apple develo 
a greater endurance of heat than the more shaded part, just as th 
exposed apples have a greater endurance than the shaded ones, w 
have a basis for a possible explanation of some of the peculiar patterns 
produced in cases of heat injury. It was pointed out in connection 
with a number of the injuries previously described that the affected 
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tissue was located at the margin rather than at the center of the most 
exposed area (pl. 1, E, F; pl. 2, E; pl. 3, D, E, F). The cause of this 
difference in susceptibility of the different parts of the same apple 
has been a matter of considerable speculation. The only explanation 
that seems possible at present is that the various parts of the apple 
gradually become hardened to different degrees of heat and sunlight, 
depending upon their relative position, and therefore show different 
degrees of susceptibility to heat injury when critical temperatures 
occur. In addition it should be borne in mind that the position of the 
fruit and foliage is not a fixed one. Changes in the position and 
exposure of the apples, due to shifting winds and the increasing 
weight of the crop, make it possible for new and less-resistant apple 
surfaces to be brought temporarily or permanently into the region of 
most intense sunlight and heat. This shifting of the center of 
exposure and the differences in the degree of hardening to heat seem 
to offer an explanation for the injuries that are often found at the 
margin of what has evidently been the region of greatest exposure. 

The nature of this hardening to heat has not been made a subject 
of special study. The more exposed apple surfaces often have more 
yellow and red pigment than the marginal ones, but it is not believed 
this higher coloring has any great significance as a protection against 
heat. Harvey (2) makes the statement that “green parts of fruits 
are heated to a greater degree than red parts,’’ and that ‘‘ the develop- 
ment of red on the exposed side of the apple tends to prevent ex- 
cessive heating of the surface.’’ He gives no data to support this 
statement, however, and the writers are not aware of any physical 
or physiological basis for concluding that the red color in itself 
serves as a protection from heat. On the contrary, Stahl (9) and 
Smith (8) have shown that in direct sunlight red leaf tissue actually 
becomes warmer than similar green tissue. 

Zschokke (13) reported that the thickness of the cuticle of the 
apple skin varied with the exposure of the fruit to the sun, and 
Magness and Diehl (5) found that the subepidermal region of the 
blushed side of an apple might be distinctly thicker and have more 
cell layers than the corresponding tissue on the unblushed side. 
It is possible that this hislenine of the skin of the apple on the 
exposed surfaces may serve as a protection against heat injury. 

in the summer of 1924, studies were made in which the sap con- 
centration of the exposed side of apples was compared with the sap 
concentration of the shaded side of the same apples. In preparing 
the samples of tissue for these tests, the apples were quartered in the 
direction of the core, and the quarters from the exposed side placed 
in one lot and the quarters from the opposite side in another. Eight 
or ten apples were usually combined to make one set of samples (see 
Table Ill). The tissue was ground in a small meat-chopper and the 
juice extracted by means of a tincture press, care being taken to 
give equal pressure to the different samples. The osmotic determin- 
ations were made within a few hours of the time of extraction, 
usually within one hour. The results are shown in Table III. The 
apples described as slightly sunburned were so freely exposed to 
sunlight that they had developed a slight bronze; those p wea Be 
as having a normal blush were freely exposed; while those with a 
slight blush were from shaded limbs in the interior of the tree. 
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Tasie III.—Osmotic pressure of juice from the exposed side of Winter Banana 
apples as compared with that from the shaded side of the same apples, Wenatchee, 


Wash., 1924 

















Osmotic pressure in 
Number atmospheres 
Date and time of collecting | Condition of tree Condition of apples <—- —_—____—. 
samples Exposed | Shaded 
side side 
July 22, 10.30 a. m--.........- Somewhat weak...| Normal blush-_-----.-- 10 16. 98 16. 36 
| Se Ps ..-.---------| Slightly sunburned_--- 10 19. 61 18. 77 
Normal blush.--.-.-.-- 8 15. 04 13. 95 
..--| Slightly sunburned... 8 15. 88 13. 95 
Slight blush__.-..--_-- 10 15. 64 15. 16 
Normal blush_-----_-- 10 16. 31 16. 00 
.--| Slightly sunburned_-_. 10 19. 13 17.08 
-| Slight blush.........-- 10 16. 24 15. 64 
Normal blush--------- 13 17. 08 16. 24 
junburned....-.....-- 8 19, 85 17. 08 
Normal blush ------._- 4 15. 52 15. 40 
__, Se ae Foe _ SESS 4 17. 20 15. 28 
Aug. 18, 11 a. m-. a: EE ae ee 10 14. 56 14. 08 
pS eee RY | REA Hee Sees 10 17. 08 16. 12 
ibdidessavecetunsnaceudd ET UNS do. 10 16. 35 14. 80 


It will be seen from the data of Table III that the sap from the 
exposed side of the apples had a higher concentration than that 
from the shaded side. With the apples that had grown in the shade 
and had but a slight blush the contrast was small. With the well- 
exposed apples that had a normal blush, the sap concentration on 
the exposed side as measured in osmotic pressure was about three- 
fourths of an atmosphere higher than that on the shaded side. 
With the slightly sunburned apples the osmotic pressure of the 
juice from the exposed side was almost two atmospheres higher 
than the osmotic pressure of the juice from the shaded side. 

The above results do.not show the contrast in sap concentration 
between the most exposed area of the apple and that immediately 
adjoining it, but the fact that the exposed side of exposed apples 
has so much greater sap concentration than the opposite side of 
the same apples would suggest that differences in sap concentration 
might be a sl in bringing about the contrasts in heat resistance 
found in adjacent tissues subjected to different degrees of exposure. 


HEAT INJURY AS RELATED TO DROUGHT INJURY 


In pointing out certain injuries as typically heat effects, the writers 
are aware that similar, or possibly in some cases identical, troubles 
have been credited to other causes. 

McAlpine’s (3, 4) photographs and descriptions would indicate 
that many of the apples which he has included under the term 
“crinkle” or “confluent bitter pit” are of the same type as those 
under consideration in the present paper. He considers these 
troubles as a form of bitter pit, due to a bursting of cells resulting 
from excessive water pressure. 

Roberts (7), as already pointed out (p. 3), was of the opinion 
that the injury on Northwestern Greening in Wisconsin in 1918 
was probably due to the extreme drought that prevailed during that 
season. 
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Brooks and Fisher (1) considered injuries of the type under dis- 
cussion as forms of “cork,’’ known locally as “hollow-apple” and 
“York spot.’”’ They considered ‘‘cork” a form of drought injury, 
but pointed out that the occurrence of ‘‘ York spot” and “hollow- 
apple” was influenced by exposure to sunlight, as well as by soil 
moisture and other soil conditions. 

The data reported in the present paper indicate that heat injury 
of apples is greatly influenced by soil-moisture conditions. The 
heaviest losses in the orchards at Snow Hill, Md., were in sections 
where the trees were likely to suffer from a sudden shortage of soil 
moisture. The eastern heat waves of 1918 and 1924 were both 
preceded by periods of relatively low rainfall. The high resistance of 
western apples to heat is undoubtedly due, in part, to the relatively 
abundant soil moisture of the orchards and the probable accompani- 
ment of heavy transpiration. 

Heat injury and drought injury of apples appear to be closely 
related and to gradually shade into one another. It is entirely 
possible that heat injuries of the type described in this paper are, 
in last analysis, a form of drought injury, due to a rapid dodosstinn 
resulting from the heat rather than to the tissue reaching any actual 
heat limit. This hypothesis, however, does not eliminate heat 
as the significant initiating factor in the injuries under considera- 
tion. 

SUMMARY 


The injuries to apple fruit resulting from certain periods of high 
temperature have been described and attention called to the fact 
that the effect of a particular temperature has varied with the 
conditions under dP cE the fruit was growing. 

The losses from heat have occurred when extremely high tempera- 
tures have been preceded by periods of relatively cool weather. 

A shortage of soil moisture has apparently been a factor in the 
development of heat injury in many of the cases reported. 

Starved or stunted apples have « Bol a greater resistance to heat 
injury than those that were making a normal or rapid growth. 

The location and the pattern of heat injuries have apparently 
often been determined by the extent of the previous exposure, 
fruit surfaces that have been previously exposed to strong sunlight 
being more resistant than those that have been partially protected. 

The exposed sides of exposed apples may have temperatures 10 
to 16° F. higher than the shaded ain of the same apples and 12 to 
25° higher than the air in the shade. 

The exposed sides of exposed apples have a uniformly higher sap 
concentration than the shaded sides of the same apples. 
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BEHAVIOR OF COTTON ROOT ROT AT GREENVILLE, 
nian: AN EXPERIMENT WITH CLEAN 


By Homer C. McNaMARA 


Assistant Agronomist, Office of Acclimatization and Adaptation Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


The cotton root-rot disease, originally described by Shear? as 
Ozonium omnivorum, and later assigned to the genus Phymatotrychum 
by Duggar,’ is very prevalent in Texas and also occurs in some of the 
irrigated valleys of the Southwestern States. This disease is com- 
monly referred to by the farmers of northern Texas as ‘‘alkali.’’ 
The organism is especially destructive throughout the blackland belt 
of Texas and causes an enormous annual loss. Recent publications 
of the United States Department of Agriculture have described in 
detail the behavior of root rot at San Antonio, Tex.,* and at Sacaton, 
Ariz. 

Records of the location of root rot in cotton fields have been made 
on the United States Cotton Breeding Field Station at Greenville, 
Tex., since 1919. An area of about 8 acres is badly infested with the 
disease, extending at some points and retreating at others. Sporadic 
infestation of isolated new spots has occurred in a few cases. Each 
year the infested areas are carefully mapped to show the distribution 
of the disease in each cotton row as shown by plants that died before 
frost. All measurements have been recorded to the nearest half foot 
and the borders of infestation taken as the point midway between a 
dead and a living plant. 

At Greenville the first dead plants are usually found about the first 
week in July, and the dead spots increase more or less intermittently 
until frost. In some years the mortality of cotton plants from this 
disease is very high early in the season, but in others heavy losses do 
not occur until very late, which was the case in 1924. 


INDICATIONS OF RADIAL SPREAD OF ROOT ROT 


The tendency of the disease to spread radially or in circles when 
advancing into new ground has been described by King * as occurring 
in alfalfa and cotton fields in Arizona. Circular rings of dead plants 
are formed which are like the “fairy rings” of certain fungi that live 
in lawns and pastures. These diseased areas often show a distinct 
border of dead plants, but behind this some of the plants survive, so 
that the inner portion of a ring shows a mixture of living and dead 





1 Received for publication Mar. 26, 1925; issued January, 1926. 

2? SHeaR, C. L. NEW SPECIES OF FUNGI. Bul. Torrey Bot. Club 34: 305-317. 1907 

3 DuGGaR, B. M. THE TEXAS ROOT ROT FUNGUS AND ITS CONIDIAL STAGE. Ann. Mo. Bot. Gard. 3: 
11-23, illus. 1916. 

4 SCOFIELD, C. 8. COTTON ROOT ROT IN THE SAN ANTONIO ROTATIONS. Jour. Agr. Research 21(3): 
121, 125. 1921. 

5 Kine, C.J. HABITS OF THE COTTON ROOT ROT FUNGUS. Jour. Agr. Research (1923)26: 405, 415. 1924 
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lants. Scofield® has observed such borders of diseased areas at 
an Antonio, Tex., but states ‘‘ This tendency for the spread of the 
disease to take place like the spreading of a fairy ring is not very 
pronounced.” These border rings, or “bare zones,”’ where all of the 
lants are killed, are rather irregular in outline and range from a few 
eet in width to 20 feet or more. Their average width, however, is 
about 10 feet on the plots which have been under observation at 
Greenville. The relation of these border rings to the diseased area 
is shown in Figure 1, which includes diagrams showing the location of 
the disease for four years on plot D-4. 

Figure 1 shows the distribution of dead plants on plot D-4 from 
1921 to 1924, inclusive. The rate of spread of the disease in this 
plot has been quite uniform, the advance being about the same each 

ear. The bare zones or border rings have been commonly observed 
in fields of cotton and alfalfa, but the relation of these rings to the 
manner and rate of spread of the disease has not been generally taken 
into account. 

King’s’ account of the radial spread of this disease in Arizona 
states that ‘it was frequently observed that the rate of advance in 
cotton fields was greater than in alfalfa fields.” He reports that 
root-rot circles in alfalfa fields increase their diameter about 8 meters 
per year, while circles that were studied in cotton fields increased in 
diameter about 9 meters in 50 days. King’s studies, however, were 
on soils of fine sand or silt and under irrigation, whereas the Green- 
ville experiments have been on heavy Houston clay and under rain- 
fall conditions. With the diseased areas subject to reinfestation, 
the ring effect may be completely obscured, and the plot will either 
show all the plants to be dead or a disorderly mixture of living and 
dead plants. The records at Greenville, which cover a period of six 
years, show that the appearance of the border rings is much more 
distinct in some seasons-than others. 

In plot D-3, and also in D-4, the spread of the disease has gone 
forward quite regularly during the four years and suggests that the 
annual spread is joven: Boones 3 equal to the width of the bare zone, 
which averages about 10 feet. at the disease is advancing from 
a center of infection is suggested in Figure 2, which shows the suc- 
cessive borders of infestation on these two plots for a period of four 

ears. 

. Inside the border ring of dead plants will often be found a dis- 
tinct zone where many of the plants, or even a majority, may survive, 
this inner zone corresponding roughly to the outer zone of the previous 
year, where all of the plants died. This condition is very evident 
when comparing the yearly location of the border rings with the 
zone of living plants the following year, as shown in Figure 1. The 
inner border of the bare zone is usually found to coincide with the 
outer border of the zone for the year previous. The direction of 
spread appears to be outward, as evidenced by the succession of 
border rings and by a zone of living plants just behind the dead zone. 
It will be noted in Figure 1 that the lines indicating the disease are 
more likely to be long and unbroken along the belts of new infection, 
while behind these belts, where the disease was most destructive in 





* ScoFIELD, C.S. COTTON ROOT ROT spots. Jour. Agr. Research 18: 306, illus. 1919, 
7 Kino, C.J. Op. cit. 
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Fia. 1.—Showing distribution of plants dead from root rot on plot D-4 


from 1921 to 1924,inclusive. The border ring is vory pronounced 
during 1922 and 1924 
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the previous year, there is a tendency to interruption of the lines, 
often for considerable distances. King * reports that in a majority 
of fields examined the amount of humus and organic carbon per 
surface foot of soil was less inside the root-rot areas than in adjacent 
areas not infected. 


EXPERIMENT WITH CLEAN FALLOWS FOR ONE AND TWO YEARS 


Many different means of control have been tried ® but up to the 
present time little success has been reported with practical field tests. 
A test of the possibility of starving the root-rot organism by pre- 
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Fic. 2.—Showing annular spread of cotton root rot on plots D-3 and D-4, from 1921 to 1924, inclusive 


venting the growth of all vegetation on an infested area was sug- 
gested by O. F. Cook in 1921. It was considered that the disease 
might survive on roots of grasses or other plants not killed by the 
disease. This led to experiments with inected plots that were kept 
clean of all plants for one year and for two years. 

Two plots of land, where most of the plants had died of root 
rot in the preceding years, were selected for the test. The dead 
plants on these plots had been carefully mapped for the three years 
preceding the fallow of 1922, so that the distribution and extent of 

§ Kine, C.J. Op. cit. 
*KinG, C.J. Op. cit. 
—e C.8,. COTTON ROOTROT IN THE SAN ANTONIO ROTATIONS. Jour. Agr. Research 21(3): 121, 125. 


TAUBENHAUS, J J., and KitLtoveH, D.T TEXAS ROOTROT OF COTTON AND METHODS OF ITS CONTROL. 
Tex. Agr. Exp. Sta. Bul. 307: 90 95 1923 
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the disease on these two plots from 1919 to 1921 was definitely known, 
as shown in Figure 3. Thee plots were plowed about 6 inches deep 
in the spring of 1922 and kept in a clean fallow during the entire 
summer, allowing no vegetation whatever to grow on them. The 
following season plot 1 was planted to cotton, while plot 2 was again 
kept fallow, as in 1922. us plot 1 was fallow for one year and 
plot 2 for two years. In 1924 both plots were planted to cotton. 

The distribution of root rot on plot 1 in 1923 is recorded in Figure 
4, B, which shows that the disease spread considerably during 1923 
following the clean fallow of 1922. The cotton stalks of the 1921 
crop were plowed under and may have supplied a medium for the 
growth of the organism in 1922, although the plot was kept fallow. 
Unless the organism was thus carried over on roots in the soil during 
1922, the disease must have spread across nine rows, or a distance of 
311% feet, in 1923, when cotton was again planted. <A part of this 
spread could have taken place on intruding roots from guar (Cya- 
mopsis psoralioides DC.) plants grown in the next plot. As it has 
already been shown that the radial spread of the disease on two other 
infected plots (see fig. 2) was only a 10 feet, it seems more likely 
that the organism was carried over in the soil during 1922. In 1924 
the spread of the disease on plot 1 was not greater than in 1923 and 
was mainly along the rows, as the diagram shows. 

Scofield,’ in reporting experiments with fallows at San Antonio, 
states that ‘‘the longer fallow period has not shown a definite improve- 
ment of condition [over short fallows].”” It appears, however, that 
the short fallows at San Antonio were between growing seasons, 
while the long fallows covered one growing season but not two sea- 
sons, as the land was plowed in December and planted to cotton in 
March of the second year. A clean fallow during the warm season, 
when the root-rot fungus is active, would be quite different from a 
winter fallow, with the roots of cotton or other plants remaining in 
the soil. Taubenhaus and Killough " have published an extensive 
list of plants, including many weeds and grasses, which they consider 
to be hosts to root rot. 

It may be noted that plot 1, which showed dead plants on 64.4 
per cent of its area in 1921 and 21.6 per cent in 1923, after the one- 
year fallow, had a further slight reduction, to 17.4 per cent in 1924, 
the second year after the fallow. 

Plot 2 showed dead plants on 90.3 per cent of its area in 1921, but 
in 1924, after the two years of clean fallow, showed no dead plants 
or evidence of root rot. (See fig. 4, C.) The extent of infestation 
on the two plots for the four-year period is summarized in the fol- 
lowing tabulation: 





Per cent of area in- 


Year fested with root rot 
Plot 1 Plot 2 
1919____- wien Ree er aS ae eee adie icakoieaaied 40.3 100. 0 
1920__- nasi tos re es REN RRL Le tah EPO 68. 6 97.5 
a OP EES Fala 3 es pirconatte 64. 4 90. 3 
= coke : . PERT F : Oeics Fallow. Fallow. 
Sea = Re RRs EE AER EL eT 21.6 Fallow. 
Re Es St PO eee ert HEN Sct ahd ei sd beh aime reme S 17.4 .0 


1 ScoOFIELD, C. S. COTTON ROOT ROT IN THE SAN ANTONIO ROTATIONS. Jour. Agr. Research 21(3): 
121, 125. 1921. 


1! TAUBENHAUS, J. J., and Kittoucn, D.T. Op. cit. 
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Fic, 3.—Lines show extent of root-rot infection on plots 1 and 2, from 1919 to 
1921, inclusive. A, infected area in 1919; B, infected area in 1920; C, infected 
area in 1921 
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Fic. 4.—Showing rotation of clean fallows and cotton, also location of root-rot in- 
festation on plots 1 and 2, from 1922 to 1924, inclusive. A, clean fallow on plots 
1 and 2, 1922; B, clean fallow on plot 2, and location of root-rot infection in 1923 
shown by lines on plot 1; C, plots 1 and 2, planted to cotton. Black lines 
show location of root-rot infection in 1924 
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Though it can not be definitely asserted that the absence of the 
disease on plot 2 in 1924 was caused by the two years of clean fallow, 
the facts will at least justify further experiments. Heavy infestations 
of the disease had appeared in the same plot for several years, as 
the diagrams and percentages show, but some other cause may have 
accounted for the disappearance of the disease. 

The shifting of diseased areas has already been discussed, and 
instances have been recorded by Scofield,’? King,"* and others when 
the disease disappeared from previously infested areas. At Green- 
ville, however, the records do not afford examples of complete dis- 
appearance from heavily infested areas. , 

t is recognized that such experiments with root rot should extend 
over a period of years, since the spread of the infested areas and the 
uncertainty of the presence or absence of the disease in any par- 
ticular location render interpretations difficult. These data are 
presented only as a preliminary report, and while not conclusive, 
the results indicate that an absolutely clean fallow may prove a 
means of control. 



















2 SCOFIELD, C 8S. COTTON ROOT-ROT sPOTs. Jour. Agr. Research 18: 307-310, illus. 1919. 
'S Kinc, C J. HABITS OF THE COTTON ROOTROT FUNGUS, Jour. Agr. Research (1923) 26: 412-414, 1924. 














THE PASMO DISEASE OF FLAX! 


By W. E. BrenrTzet ? 


Assistant Pathologist, Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 


INTRODUCTION 


The disease of flax called “pasmo” in South America and the 
causal organism, Phlyctaena linicola, were described by Spegazzini * 
in 1911 from the vicinity of La Plata, Argentina. Girola ‘* described 
the disease more fully, and noted that it caused great injury to flax 
in Argentina. 

In the United States the disease has been noted for several years. 
In 1916 H. L. Bolley called the attention of C. S. Reddy, at that 
time in charge of flax-disease investigations, to a disease in his 
resistant flax which he did not attribute to wilt. In 1917 Reddy 
isolated the organism and with it performed inoculation experiments 
in which typical symptoms of the disease were reproduced on flax. 
In the fall of 1920, on seeing the article by Girola, Reddy was prac- 
tically certain that this disease was the pasmo disease of flax of 
South America. Since 1919 the writer ** has noted the disease each 
season in North Dakota and in certain other States. 

The disease appears to have been introduced into the United 
States with imported flaxseed. Frequently it has been observed at 
Fargo, N. Dak. that when nonselected flaxseed from Argentina 
was grown the first year the pasmo disease developed earlier in plats 
from such seed than in others. It was from such plats that the 
disease appeared to have originated and spread to other flaxes. 
Further, many of the selections and hybrids of Argentine flax are 
very susceptible to the pasmo disease when grown in the United 
States. For these reasons, and from the fact that many spores of 
the fungus may be carried on seed coming from infested fields, it 
appears very probable that the disease was introduced with imported 
seed. 

The present paper summarizes observations on the disease in the 
United States and gives the results of investigations as far as they 
have progressed. 


1 Received for publication Feb. 25, 1925; issued January, 1926. The investigations on which this paper 
is based were conducted in cooperation with the department of plant pathology of the North Dakota 
Agricultura’ Experiment Station. 

? The writer wishes to express his indebtedness to H. L. Bolley, North Dakota Agricultural College, 
for many helpful suggestions; and to A. G. Johnson, Office of Cereal Investigations, Bureau of Plant 
Industry, United States Department of Agriculture, for advice, helpful suggestions, and assistance in 
revising the manuscript; and to A. C. Dillman, Office of Cereal Investigations, for making field observa- 
tions = the occurrence and severity of the disease at various points, and for critically reading the man- 
uscript. 

3 SPEGAZZINI, C. MYCETES ARGENTINENSES. An. Mus. Nac. Buenos Aires (III) 13 : 389-390. 1911. 

4‘ GrroLta, C. D. CULTIVO DEL LINO EN LA REPUBLICA ARGENTINA. An. Soc. Rural Argentina 54: 105- 
112, 145-149, 189-197, illus. 1920. - 

5 BRENTZEL, W.E. A DISEASE OF FLAX NOT PREVIOUSLY REPORTED IN THE UNITED STATES. (Abstract.) 
Phytopathology 13 : 53-54. 1923. 

6 FURTHER INVESTIGATIONS ON THE PASMO DISEASE OF FLAX. (Abstract.) Phytopathology 
14: 48-49. 1924. 
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DISTRIBUTION AND ECONOMIC IMPORTANCE 


During the past three years the disease has been observed on seed 
flax at various points in North Dakota, especially near Casselton, 
Fargo, Lisbon, Joliette, Langdon, and Mandan. It has occurred also 
near Newell, Pierre, Watertown, and Brookings, in South Dakota; 
and in Hennepin, Ramsey, and Watonwan Counties in Minnesota. 
In 1922 and 1923 the disease occurred with marked severity near 
East Lansing, Mich. 

The disease occurs on seed flax throughout the most important 
area of production, and, with temperature and moisture favorable 
develops and spreads rapidly, causing more or less blighting and 
browning of the different parts ot the plants. In the advanced stages 
of infection the leaves, fees buds, and bolls are blighted (pl. 1). 
The leaves wither and fal] or sometimes curl and remain attached. 
Many bolls fail to fill while others develop shriveled seed. Sometimes 
the disease develops relatively late in the season and does not reduce 
the seed yield markedly, although at harvest time the plants may be 

enerally covered by the lesions. With a severe attack the large 
esions cause irregular drying and hardening of the stems. Fiber 
flax, intended for fiber purposes becomes severely damaged by-the 
disease. 





SYMPTOMS 


The disease spreads readily from infested straw, and may be found 
on the leaves of seedling plants growing on soil where diseased straw 
from a previous flax crop has been plowed under. Lesions develop 
first on the cotyledons (pl. 2, A) and later on other leaves (pl. 1), 
but rarely if ever on the stems of very small plants. The lesions on 
the leaves are more or less circular in outline, varying in color from 
greenish yellow in the early stages to dark brown in the advanced 
stages of development (pl. 1). Pycnidia develop abundantly both in 
cotyledons and in the other leaves. 

In the field the disease first becomes noticeable to the grower only 
a short time before harvest. Brown areas develop here and there 
which enlarge and in time may cover a considerable part or all of 
the field. The plants at the margins of the spots are only slightl 
infected and in general may appear almost free from the disease. If 
examined closely, only small lesions may be seen on the stems, while 
the leaves may be so slightly infected that they still remain turgid. 
Toward the center of a spot the disease appears successively more 
and more severe on the plants. The lesions are larger and some ot 
the leaves are withered or fallen. At the center many of the plants 
are completely defoliated and the stems are brown and dry. Spores 
from these diseased plants blow to neighboring plants and, by second- 
ary infections, spread the disease over considerable areas. 

On the stems of the plants the lesions develop first on the lower 
portions. In the early stages the lesions are very small, somewhat 
elongated, and extend only part way around the stem. Later, they 
occur on all parts of the stems and develop sufficiently to encircle 
them and extend up and down the stem for several centimeters. 
At this stage of development the infected portions alternate with 
irregular bands of eninbeoted green portions, displaying a mottled 
appearance of the stems and pedicels. This mottling is very char- 
acteristic of diseased plants (pl. 1). The browned lesions often 
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coalesce so as to cover large portions, or even all of the plant. These 
display about the same range of color changes as do lesions on the 
leaves and become thickly dotted with pycnidia. Often white spore- 
tendrils or spore-horns develop (pl. 2, C), which give the infected 
areas a grayish, pubescent appearance. 

When an application of infested straw was used as inoculum in 
experimental plats very severe infection developed. The symptoms 
of the disease in this case varied Somewhat from the usual in that 
infection developed earlier. Some time before the mottled appear- 
ance occurred, large lesions developed on the stems at the soil line. 
Many of the plants bent and in some cases broke over at these points. 
This condition resulting from the disease has not been observed in 
fields where infection came about through natural means. 


THE FUNGUS 


When studies of this disease were first begun the question arose 
as to the generic classification of the fungus, which somewhat resembles 
certain species of Septoria. The pycnidia, however, are not limited 
to the leaves, but also occur in lesions on the stems, and are more or 
less incomplete at the top, as shown in Plate 3. The fungus was 
tentatively placed in the genus Phlyctaena and thought to be the 
same as that causing the pasmo disease in South America. In 1911 
Spegazzini described the disease in South America and attributed 
it to the fungus which he described and named Phlyctaena linicola. 
In 1922 specimens of the disease in the United States were sent to 
Spegazzini for examination and comparison. These were definitely 
identified by him as typical of the pasmo disease as it occurs in 
Argentina. Specimens of Phlyctaena linicola on flax from Argentina 
also were kindly sent by Spegazzini, and they agree morphologically 
with the fungus in the United States. 

The following is the original description of the fungus Phlyctaena 
linicola, as given by Spegazzini:’ 

Diag. Partes infectae primo lutescentes serius pallescenti-arescentes; perithecia 
minutissima subepidermica discreta confertiuscula pusilla subincompleta; sporulae 
e cylindraceo subfusoideae non v. lenissime curvulae mediocres hyalinae continuae. 

Hab. Ad folia caulesque Lini usitatissimi, morbum vulgo “‘passmo”’ vocatum 
efficiens, vulgata in campis prope La Plata, Dec., 1909. 

Obs. Species plantae hospitanti summopere obnoxia. Matrices primo palle- 
scenti-flavescentes, serius lutescentes postremo arescentes; perithecia cortice v. 
parenchymate innata, epidermide tecta, numerosa, primo fulvescentia, superne 
incompleta subhyalina late fimbriato-ostiolata serius fusca subcompleta minute 


ostiolata, lenticularia (75-150 uw diam.); sporulae utrinque subattenuatae sed 
subobtusiusculae (20-30uX1, 5-3 uw) eguttulatae. 


The fungus grows readily in artificial culture. On plates of potato- 
dextrose agar it grows slowly, forming small, raised colonies with 
sparse, white aerial mycelium (pl. 2, D). In a test tube on the same 
agar the growth spreads slowly in a circular manner until it reaches 
the sides of the tube, after which it elongates somewhat, but not 
sufficiently to cover the entire surface of the agar. A very limited 
to medium amount of mycelium develops in culture and pycnidia 


7 SPEGAZZINI, C. MYCETES ARGENTINENSES. An. Mus. Nac. Bueuos Aires (III) 13: 389-390. 1911, 





EXPLANATORY LEGEND FOR PLATE 1 


Flax plants showing the effects of the pasmo disease on different parts. Flower buds, bolls, and leaves 
are blighted. The mottled appearance of the stems is typical of the disease 





The Pasmo Disease of Flax Plate 2 




















A—lInfections on cotyledons of flax, a selection of the Argentine type, C. I. No. 280, 
(N.I . No. L. 79), from artificial inoculations with Phlyctaena linicola 
» —C auledene. of same flax, uninoculated. This strain is very susceptible to pasmo 

\—Portion of pasmo-infected flax stem, showing ‘“‘spore-horns’”’ projecting from 

pycnidia 
D—Eight-day-old agar-plate culture of Phlyctaena linicola, showing small, raised, 
white, mycelial colonies. 

-(1) Bundles of old pasmo-infected straw, from the crop of the year before and 
overwintered outdoors, lying near growing flax. (2) Growing flax. The plants 
in the rows nearest to the old infested straw were the first to show pasmo in- 
fections, and on the stems the infections were most abundant on the side toward 
the infested straw 
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Plate 3 
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Longitudinal sections of diseased flax stems, showing the pycnidia of Phlyctaena linicola beneath 





the epidermis and the mycelium extending to the region of the bast-fiber cells 
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develop abundantly (pl. 4). The spores form in raised masses, 
often extending from 1 to 5 mm, above the surface of the. medium. 
Sometimes a circle of mycelium forms around the raised mass of 
conidia in the cultures. Usually this mycelium is almost white, 
although it may vary to dark olive gray in color. The center of the 
growth becomes more or less thickly set with papillated masses of 
conidia of an auburn color. Sometimes tendril-like spore masses 
protrude, which resemble somewhat the spore-horns on the stems of 
plants, but are larger and slightly colored. The substratum becomes 
variously discolored, sometimes becoming geranium pink while at 
other times becoming maroon or almost black. In old cultures the 
fungus frequently develops pycnidia. 

The lesions on flax plants, on both stems and leaves, contain many 
pycnidia. These range from about 63 u to 126 uw in diameter on the 
specimens. The pycnidia are lens-shaped, largely incomplete in 
the early stages, but later almost complete, with small ostioles. 
The Sending banene the epidermis of the leaves and stems, and on 
the lethar extend to the region of the bast-fiber cells (pl. 3). 

The pycnospores are hyaline, subcylindrical, tapering slightly at 
the ends, straight, curved or angularly bent, usually 3-septate. 
From the specimens studied the average measurements were 2.8 u by 
21.7 uw. The conidia from a 3-day-old culture on potato-dextrose 
agar averaged 2.7 1 by 26.7 ». These spores were very slightly nar- 
rower and somewhat longer than the pycnospores from flax plants. 
In culture, conidia frequently develop heavy-walled spherical- 
shaped structures with granular contents (fig. 1). Each of the four 
cells of a spore forms what appears to be a chlamydospore. This 
transformation was very noticeable in a 13-day-old culture of the 
fungus on potato-dextrose agar. 


PATHOGENICITY 


Pure cultures of the fungus were obtained from diseased portions 
of plants. Generally, when a culture was needed for inoculation 
purposes it was grown from a single-spore isolation. The diseased 
part of a plant on which pycnidia occurred was placed in a small 
amount of sterile water for a few minutes until the pycnospores 
oozed out. This spore suspension was then diluted until only a few 
spores occurred in a small drop of the water. Small drops of the 
water suspension were then placed by means of the loop within small 
circles marked on the bottom of Petri dishes. These drops were then 
allowed to dry partially and then sterile agar was poured into the 
dishes. After the agar had hardened, single spores were located and 
marked by making a dot on the bottom of the dish with a fine pen. 
Small bits of agar, each containing a single spore, were then cut out 
(by means of a circular cutter made on the end of a platinum needle) 
and transferred to other agar-poured plates and allowed to grow 
until the culture was ready for use in inoculations. 

In 1922 inoculations were made simultaneously on flax plants of 
six different sizes. In order to provide flax plants at the different 
stages of growth for the inoculation experiments, six sowings were 
made at intervals of one week, beginning early in the spring. At 
each sowing three varieties—North Dakota No. 155, North Dakota 
Resistant No. 52, and Chippewa (C. I. No. 178)—were sown, one 
rod row of each. On July 15, when the first inoculations were 
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Thirty-day-old agar-plate cultures of Phlyctaena linicola 


A.—Crowded colonies with numerous pycnidia 
cattered colonies with relatively few pycnidia 
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made, there were plants from six different sowings in the following 
stages of development: (1) plants from the first sowing, with many 
green bolls forming; (2) plants from second sowing, in full bloom; 
(3) plants from third sowing, beginning to bloom; (4) plants from 
fourth sowing, 12 to 14 inches high; (5) plants from fifth sowing, 
4 inches high; (6) plants from sixth sowing, emerging. 

About one-third of each row in each series was inoculated by 
atomizing onto the plants a water suspension of spores which con- 
tained approximately 359,000 spores per cubic centimeter. These 
inoculations were made in the evening, about sundown. A canvas 
was erected between the area to be inoculated and that which was 
not to be inoculated in order to prevent the sprayed inoculum from 
going to the uninoculated plants when the inoculations were being 
made. 

The first inoculations failed to induce infections, and on August 26 
the same rows were again inoculated in'a similar manner. Five days 
later the infection was very pronounced on the inoculated plants, 
while the control plants were free from disease. The infection was 
severe only in the first three sowings—that is, only on the older 
plants. On the last three sowings—that is, on the younger plants— 
there were only traces of infection. Chippewa was most severely 
infected, while North Dakota Resistant No. 52 and North Dakota 
No. 155 were moderately and about equally infected. 

Later in the season, on October 9, the disease was observed in the 
fourth sowing. The disease, however, was less severe and the varie- 
ties showed scarcely any differences in the amount of infection. 

On several occasions inoculations were made in the greenhouse. 
Different varieties of flax were inoculated in the greenhouse at Arling- 
ton Experiment Farm, Rosslyn, Va., when the plants were about 2 
inches tall. Spores were atomized onto the plants, after which the 
plants were placed in moist chambers made of tubs covered with 
panes of glass. They were left to incubate in the tubs for 3 days, 
after which the pots were placed on a bench in the greenhouse. Eight 
days after the inoculation a high degree of infection appeared on the 
cotyledons of most of the plants (pl. 2, A). Other ave had not 
developed when the inoculations were made. 

The degree of infection on North Dakota Resistant No. 52 and 
North Dakota Resistant No. 114 was noticeably less than that on 
Chippewa (C. I. No. 178), Cantania (C. I. No. 182), and a selection 
of the Argentine type, C. I. No. 280 (North Dakota Resistant No. 
L. 79). Photographs of a few of the infected cotyledonary leaves are 
shown in Plate 2, A. 

When the infection becomes established on the cotyledonary leaves 
of a few plants, from that time on the neighboring plants may be con- 
sidered to be subjected to a more or less continuous stream of spores. 
Whether or not these spores germinate and bring about secondary 
infections depends very much upon the prevailing weather conditions. 
Temperature and moisture conditions appear to have a very import- 
ant bearing upon the development and spread of the disease in the 
field. Unfortunately, it has not yet been possible to make more than 
a limited study of these factors. In culture the fungus grows well 
with a temperature range of from 17° to 29° C. The optimum tem- 
perature for mycelial growth is about 21°, while at the extreme tem- 
peratures of 5° and 32° there was very little growth. 








Jan. 1, 1926 The Pasmo Disease of Flax 33 





Fic. 1.—A, Spores from a 13-day-old culture of Phyctaena linicola grown on potato-dextrose agar, showing 
chlamydospore-like bodies with granular contents. B, The chlamydospore-like bodies germinating 
in water after 24 hours’ incubation. C, Same as B, except 48 hours’ incubation 
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It has been observed frequently that pasmo was severe in certain 
low areas of a field where moisture was more abundant. In more 
elevated and drier areas of the same field the disease was noticeably 
less severe, indicating that relatively moist conditions favor infection 
and spread of the disease. On young plants the fungus is somewhat 
slow to develop. 

In parallel inoculations, Colletotrichum linicolum, the fungus that 
causes flax anthracnose, was found to be much more vigorous in its 
attack on flax plants than Phlyctaena linicola. Under average con- 
ditions the latter fungus appears to be scarcely more than able to 
maintain itself on young green flax plants. But later, when the plants 
begin to flower and develop seed, the disease becomes virulent and 
spreads with marked rapidity from any viable spores that may be 
present. 

DISSEMINATION 


An ascigerous stage of the causal fungus has not been observed 
by the writer. Pycnospores overwinter on diseased straw and 
stubble, from which the infection originates in the spring. In March, 
1924, stubble which remained in a diseased field of the previous year 
was collected. The old pycnidia were found to contain numerous 
yycnospores. These spores germinated well, and when used as 
inoculum developed severe infection on flax plants. Owing to the 
presence of many other faster growing organisms on the stubble, it 
was difficult to obtain a pure culture of Phlyctaena. A water sus- 
pension of spores was prepared for the inoculations by placing pieces 
of the diseased material in water for a few minutes until many 
pean oozed out. The suspension, containing many species of 
ungi and bacteria, was then sprayed on young flax plants 6 to 8 
inches tall. In about 10 days after the inoculations were made 
well-developed lesions appeared on the leaves of the plants. Several 
of the leaves were disinfected in a solution of mercuric chloride and 

laced on agar in Petri dishes. After two days a pure growth of 

*hlyctaena linicola appeared from each lesion. 

The above experiment demonstrated the ability of overwintered 
pycnospores to produce infections on growing flax plants. Also, the 
methods used in the experiment were very satisfactory for establish- 
ing a pure culture of the fungus and proving its pathogenicity within 
a short time. 

Severe infection developed in the plats at Fargo, N. Dak., in 1922. 
A small lot of straw from one of the plats was removed to a near-by 
plat, on which flax had not grown during that season, where it re- 
mained over winter. In the following spring flax was sown close 
by and around the straw for about 50 feet each way (pl.2,E). The 
flax plants were observed frequently for the development of disease. 
On July 7 fully developed lesions were found on the cotyledonary 
leaves of a few plants nearest the straw. These proved to be infec- 
tions by Phlyctaena linicola. The plants were then from 3 to 4 
inches high. The disease was causing scarcely any damage, but 
lesions which were producing numerous spores occurred here and 
there on the plants close to the old straw. The number of lesions 
that had developed on plants growing farther from the source of 
infection was noticeably smaller. Later in the season, when the 
plants were blooming and a few bolls had developed, the infection 
on the plants adjacent to the straw was severe (pl. 5). The plants 
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Plate 5 
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Portions of two flax plants, from rows shown at 2 in Plate 2, E, showing characteristic pasmo 
In addition to the brown lesions on stems and leaves, the leaves 


symptoms on stems and leaves. 
showed marked yellowing 
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were practically covered with brown lesions. Spore tendrils pro- 
jected abundantly from the pycnidia, giving the infected parts a 
grayish appearance (pl. 2, C). After a brief time the disease had 
spread more or less uniformly over the entire plat. 

It is not known how late in the season infected straw and stubble 
may continue to act as a source of infection. In this experiment the 
slants emerged June 5, which is relatively late, and became infected 
ives such a source. 

Spores of the fungus may be transmitted by means of seed. In- 
fested seed of an Argentine variety was examined. One hundred 
seeds were washed in a few cubic centimeters of sterile water, and the 
number of spores thus brought into suspension was determined by 
means of a Levy counting chamber. It was calculated that each seed 
gave off approximately 560 spores to the suspension. The seed came 
from a plat in which the abaskionl was severe. The load of spores 
carried was the result of natural inoculations under the usual method 
of harvesting and threshing. 

In 1923 a field of fiber flax near East Lansing, Mich., was studied.* 
About 4 acres, which had not grown flax for several years, if ever, 
was sown to Saginaw fiber flax. Likewise, the fields near by had 
not produced flax for several years, and during the season the nearest 
flax was in certain experimental plats about 2 miles away. About 
one-half of the field, the east side, was sown with seed from plants 
infected with pasmo the previous year. The west half was sown 
with seed from a plat which was practically free from the disease in 
1922. The east half, sown with infected seed, when examined about 
the middle of August, had many brown areas, centers of infection 
from which the disease was spreading, ranging from a few to several 
feet in diameter. The west half of the field, sown with practically 
clean seed, showed very few diseased areas. The indications, there- 
fore, were very strong that the original infection had come with the 
seed. 

The same field served to demonstrate the effect of moisture on the 
spread and development of the disease. The east half of the field 
which was severely infected, sloped to the south. In the south part 
of this half the disease was much more severe than in the upper part, 
indicating that the greater amount of moisture of the lower favored 
the development of the disease. 


CONTROL 


Indications are that the disease may be controlled in farm practice. 
Experiments have shown that the use of sanitary measures will aid 
considerably in preventing spread and development of the disease. 
It is essential that all infested straw and stubble be destroyed as 
soon as possible after harvest. Burning and plowing under of infested 
stubble should be beneficial. It is important to avoid sowing flax on 
land cropped to flax the previous year, especially if pasmo had occurred 
there. i an infested field is sown to flax a second year pasmo would 
be almost certain to develop again. 

Seed from infested fields has been found to carry numerous sur- 
face-borne spores. It is very probable that these find their way to 


§ The field was sown to increase certain fiber selections, and was under the direction of L. R. Davis, of 
the Office of Fiber Plant Investigations, United States Department of Agriculture, cooperating with the 
Michigan Agricultural Experiment Station. 
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the young plants and start the infection early in the season. In this 
connection seed treatment as recommended for wilt seems to be bene- 
ficial. Treatments with dust fungicides have not yet been perfected 
sufficiently to recommend their use. It is hoped, however, that a 
satisfactory dry treatment may be developed so as to avoid the diffi- 
culties encountered by wetting flaxseed. 

A wide range in the degree of resistance of different. varieties and 
selections was apparent during the past two years. The most sus- 
ceptible ones were selections from Argentine type. The commercial 
varieties of seed flax—North Dakota Resistant No. 52, North Dakota 
Resistant No. 114, and North Dakota No. 155—were more resistant 
than the Argentine selections. A few hybrids, which have not yet 
been grown, except in the experimental plats, appeared to be almost 
immune from the disease. 

The development and spread of the disease depend largely upon 
temperature and moisture conditions prevailing during the growing 
season. Infection may not occur on the plants, even when grown 
in an infested field, owing to adverse weather conditions. 


SUMMARY 


As it occurs in the United States, the pasmo disease of flax, caused 
by Phlyctaena linicola, seems to be identical with that described 
from Argentina. Its introduction into the United States with im- 
ported seed seems probable. 

With environmental factors favorable, the disease may cause 
considerable damage to both seed and fiber flaxes. 

In the field the disease becomes evident as marked brownish areas 
ranging from a few feet to a rod or more in diameter. 

The leaves and bolls of infected plants are blighted, and the in- 
vaded portions of the stems become more or less brown, giving the 
plants a mottled appearance, which is characteristic of the disease. 
lhe lesions become thickly set with pycnidia and often extrude spore 
tendrils. 

On potato-dextrose agar the parasite is very prolific in producing 
spores but develops scarcely any mycelium. The optimum tempera- 
ture for vegetative development is about 21° C. 

A relatively high degree of soil moisture favors the development of 
the disease. Lower areas of a field usually are more severely attacked 
than the somewhat higher portions. 

On young plants the fungus is a weaker parasite than Colletotri- 
chum linicolum, which causes flax anthracnose. On plants which are 
blooming and developing seed Phlyctaena linicola is vigorous in its 
attack and spreads with marked rapidity. 

An ascigerous stage of the fungus has not been observed. Pycno- 
spores overwinter on straw and fragments of diseased plants and 
initiate infections the following year. 

Spores of the parasite may be disseminated in large numbers by 
means of infested seed. 

Treating of seed with formaldehyde, burning of infested straw, 
and rotating crops aid in controlling the disease. Some varieties and 
selections show considerable resistance to the disease. 














CORRELATED CHARACTERS IN A MAIZE HYBRID! 


By J. H. Kempton 


Associate Botanist, Bureau of Plant Industry, United States Department of 
Agriculture 


INTRODUCTION 


In producing a type of maize for special conditions, the breeder is 
often confronted with the task of combining through hybridization 
the characteristics of two or more varieties. It is desirable, therefore, 
to know to what extent the various characters, especially those of 
size and season, are associated in inheritance. 

The existence of genetic correlations among the characters of size 
can be determined with certainty only from hybrids. Previous 
studies have shown a surprising lack of such correlations, and a 
similar condition is found in the present hybrid (/, 4).2 While the 
presentation of further evidence on this score may seem superfluous, 
the hybrid on which the present paper is based afforded a better 
opportunity to detect correlations between certain characters than 
was possible in the earlier cases, and the results, therefore, are 
correspondingly conclusive. 

Thus, in the hybrid between the very large Mexican variety of 
maize known as Jala and the small Tom Thumb variety of pop corn 
it was found that the correlation between the quantitative characters 
were small or negligible. In that hybrid, however, the Jala parent 
greatly exceeded Tom Thumb with respect to all of the characters 
studied, with the exception of the number of rows on the ear, where 
there was little difference. 

From the standpoint of separating physiological from genetic 
correlations it is desirable to have one parent large with respect to 
some characters and small with respect to others. 

With existing varieties it is difficult to get contrasted parents of 
this sort and still have very great differences between the characters. 
While very tall plants with small ears are found in some of the 
Peruvian pop corns, there seems to be no variety with the correspond- 
ing class of short plants with very large ears. 

It is possible, however, to make combinations where the small 
parent is large with respect to a single character, such as the weight 
of seed or the number of rows of seeds. The present paper presents 
the results obtained with such a hybrid. 

The female parent is a variety of pop corn received in 1906 from 
Algeria, and is referred to throughout this paper under the designa- 
tion ‘‘ Algeria.”” The male parent is Jala, the large Mexican variety 
used as the female parent in the Jala-Tom Thumb hybrid (4). As 
compared with Jala the plants of Algerian pop corn are short in 
stature, early in season, with small ears but with a relatively large 
number of rows of seeds, the mean number of rows being 20, while in 
Jala it is 12.68. 

1 Received for publication June 4, 1925; issued January, 1926. 
2 Reference is made by number (italic) to “‘ Literature cited,’”’ p. 50. 
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A small first generation was grown at Lanham, Md., this providing 
seed for the second generation, which was grown at Chula Vista, 
Calif. To provide a comparison with the F,, the F, and both parents 
were grown at Chula Vista also. This hybrid was grown the same 
season as the Jala-Tom Thumb hybrid and closely adjacent thereto, 
so that a comparison between the hybrids with respect to the corre- 
lations among the characters is possible. 


INHERITANCE OF THE QUANTITATIVE CHARACTERS 


The biometrical constants for the parents, the F, and the F,, are 
given in Table 1. The frequency distributions for number of rows 
60 are shown in Figure 1. Several 
of the characters used in this 
hybrid were not recorded for 
the Jala-Tom Thumb hybrid, 
while the weight of seed, re- 
corded in that hybrid, is 
omitted in this. 
10 An effort was made to de- 
termine the inheritance of the 
beaking of the seeds, which is 
very pronounced in the Algeria 
pop corn. The seeds were 
graded on a scale of from 0 to 
9, but the hybrid was not ideal 
$ 20 for this purpose, since the seeds 
of the Jala parent are frequently 
somewhat beaked, though, in 
the plants studied, never to the 
extreme extent of the Algeria 
seeds. There is, in addition, a 
difficulty in grading the char- 
acter where the seeds vary 
greatly in size, as they do in 
the second generation of a hy- 
brid, where one parent has 
seeds averaging 0.56 gram in 
MLA weight, while the seeds of the 
yw wre ee other average only 0.12 gram. 
NUMBER OF ROWS The data are presented with 
re : . .. these reservations. All of the 
Fic. 1.—Number of rows on the ear. Frequency dis- ~ > 
tributions of plants in Jala, Algeria, F,and F;. Class plants of the F, bore seeds with 
‘The actual nuimber of plants in each case was: Jala, Some degree of beaking, but 
125; Algeria, 136; F:, 274; and F2, 419. Arrows indi- pone was beaked to the extent 
cate mean value) . 2 
of the Algeria parent; while 13 
such plants were obtained in the F,. It must be taken into con- 
sideration, however, that the F, seeds were large and, owing to 
heterosis, doubtless well filled, giving a maximum extension of the 
pericarp which naturally would tend to reduce the degree of beak- 
ing. he frequency distribution for this character is shown in 
Figure 2. 
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TaBLE I.—Biometrical constants for Jala and Algeria maize and the first and 


second generation hybrids 

















Jala Algeria Fi F; 
Characters —_—— 2 SS RT Sane poe ; - ' 
Mean| s PE | Mean} s PE |Mean| s PE |Mean; s | PE 
Sa acheplaceeadai aide s ici ; | 
_dem__| 52.75 5.06 | 0.30 | 15.90 | 1,38 | 0.80 | 37.15 | 2.49 0.10 | 24.74 | 3.67 | 0.11 
Number of suckers....| 1.56 1.17 .07 0 0 0 1, 45 .78 . 03 -69 | .86) .03 
Degree of beaking.....| 1.84 1.77 ll 9 | 0 0 3. 47 149, .06,| 436/224) .08 
Number of leaves | 
Oe 5.98 .78| .05| 3.68) 2.93 .17 5. 39 - 63 -03 | 4.84 77 .02 
Total number of leaves_| 27. 50 | 2.80 -18 | 20.99 | 1.13 | .66 | 27.00 1. 26 -05 | 24.40, 1.59) .05 
Number of days to } 
EES 108.50 | 7.44 .44 | 99.60 | 1.38) .80 /101.30| 234, .10 103.44 | 6.19| .19 
Number of days pollen | 
=a 6.20 2.88 -18 1.13 | 1.16) .07 2. 76 1,75 07 3.59 | 2.47 - 08 
Length of central spike | 
on tape bitinnegaedintaedl em..| 35.74 | 4.15 | .28 | 26.99) 270 .16| 26.70) 3.43 -15 | 25.80 | 5.10) .16 
Length of branching 
22.18 | 3.11 -19| 932/156) .90| 17.97) 231 -10 | 13.00 | 3.55 -ll 
Number of tassel | 
branches...........-. . 64 | 6.39 -40 | 18.82 | 4.31 25 | 38.7 5. 98 .25 | 27.85 | 7.65 2 
Length of upper ear | 
nieuws cm..| 26.25 | 5.54) .30 | 14.24) 1.94) .11/] 25.00) 3.44) .14| 18.91 | 4.71 15 
Total length of ears 
o<--------------CM..| 44.60 |22.92 | .12 | 25.16 11. 24 .65 | 42.35 | 18.46 | .76 | 27.20 |13.90 - 45 
Number ofrowsonear-| 12.68 | 1.74) .10 | 20.14) 210  .12/ 15.28) 1.89 .08)| 16.54 | 2.53 . 08 
fed joni inde Road deca, | 
While the coefficients of correlation are 79 
given for this character, they can not be 9 
interpreted with the same degree of confi- 
dence as those for the other characters con- %9 
sidered. Only one significant correlation was 40 
found, namely, that with total leaves. In = 
this instance a low degree of beaking is 
found associated with a large number of 20 
leaves in the F;, and the reverse relationship =, 
is shown in the F,. If accepted on its face 
value this would constitute a significant dis- 
herence, but in view of the uncertainty as P 60 
to the true parental constitution this ap- 
parent disherence requires no extended dis- N 
cussion. 40 
In three characters the F, plants were a os 
below the mean of the parents. These are 
i 1 1g 420 
the degree of beaking, the number of days 4 
from pollen to silk, and the number of rows ¥ 0 
on theear. In all other characters the aver- N as 
ages of the parental means were exceeded, 
and in one instance (number of tassel 40 
branches) the F, exceeded the large se 
parent. 


The frequency distributions for all char- 
acters in both F, and F, were unimodal, and 
in all characters the F, plants were more 
variable than those of the F,. 

The range of variation in the parents, 
and in the first and second hybrid gene- 
rations, is shown for each Hee. in 
Figure 3. 
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O/23456789 
DEGREE OF BEAKING 


Fic. 2.—Frequency distributions for 
degree of beaking, in Jala, Algeria, 
F,,and F:. Class value one degree. 
(Number of plants: In Jala, 125; 
Algeria, 136; F:, 274; and F2, 390) 
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Fic. 3.—Range of variation in Jala, Algeria, and the F; and F: 
hybrid generations. (The lowest line in each division represents 
Jala followed by Algeria, F; and Fe. No variation in Algeria in 
“degree of beaking”’ and “‘number of suckers’’) 


In studying these 
ranges it must be borne 
in mind that popula- 
tions of different size 
are involved. Thus 
125 plants were meas- 
ured in Jala, 136 in 
Algeria, 274 in the F,, 
and 419 in the Fy). 

Of the 13 characters 
measured the parental 
ranges of both parents 
were equaled or ex- 
ceeded by the F, in 5 
characters, while the 
larger parent was 
equaled or exceeded 
in 7, and the smaller 
parent in 10. 

In regard to height, 
total number of leaves, 
length of central spike, 
length of lemadiiue 
space, length of upper 
ear, and total ear 
length, no plants were 
found in the F; popu- 
lation which attained 
the maximum expres- 
sion of these charac- 
ters as found in Jala; 
and, indeed, in height 
of plant the F, and 
Jala parent barely 
overlap, the tallest F, 
er just equaling in 
neight that of the 
smallest Jala plant. 

While many of the 
plants of the F, were 
shorter than the aver- 
age of the Algeria 
parent, iy the ex- 
treme of the Algeria 
parent was not at- 
tained, the same being 


truefor the characters, number of days from pollen to silk, and number 


of tassel branches. 


CORRELATION BETWEEN QUANTITATIVE AND SIMPLE 
MENDELIAN CHARACTERS 


In this Algeria-Jala hybrid, as in the Jala-Tom Thumb hybrid (4), 
the Esperanza-Chinese hybrid (1) and the maize-teosinte hybrids (3) 
there seem to be no correlations between the simple Mendelian 
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characters and the characters of size. The Algeria-Jala hybrid in- 
volved a difference in aleurone color, the Algeria parent being colored, 
but when the two classes of seeds were grown there were no indications 
that the small size of the Algeria parent was associated with colored 
aleurone, and the two groups of plants based on the color of the seed 
planted have been combined for the calculation of coefficients of 
correlation. 

That no correlations were found between the color of the seeds and 
the quantitative characters in any of these hybrids is not surprising 
since the probable large number of heritable factors involved in size 
differences must be distributed generally among the several chromo- 
somes. If this distribution were not general, or if one or two factors 
had a disproportionate influence, the frec uency curves in the F, with 
respect to the characters having such factorial composition would 
show evidence of bimodality. Thus the size character “height of 
plant” has always given unimodal F;, curves in crosses between tall 
and short varieties, unless some such size difference as dwarf, anther 
ear, crinkly, or brachytic is involved where a single factor exerts 
predominant influence. If the factors for height other than these 
simple Mendelian dwarf mutations were grouped in one chromo- 
some, the inheritance would approach that of the dwarfs mentioned, 
and bimodal frequency curves for height would be found in the F;. 
Nevertheless other investigators have reported an association of 
characters of size with endosperm color in maize. Thus Sax ®* has 
found, in a cross between Golden Bantam sweet corn and a still 
smaller white sweet variety, that the larger size of the Golden Ban- 
tam plants is associated with the yellow endosperm color of this parent 
in the F;. Golden Bantam itself is a diminutive type, and the differ- 
ence between it and the small white sweet variety could not have 
been very great. In the hybrid between Tom Thumb pop corn and 
the Mexican variety Jala, maximum size differences were involved, 
together with the same difference in endosperm color as in Sax’s 
hybrid, except in the Tom Thumb-Jala hybrid the yellow endosperm 
should be associated with diminutive size if genetic linkage between 
endosperm color and size factors existed. 

No such relationship could be detected, although the number of 
size factors involved must have been much greater than in the hybrid 
between Golden Bantam and the still smaller white variety. 


CORRELATIONS IN F; 


The coefficients of correlation ne the several characters are 
shown for both the F,; and F, in Table II. 


3Sax, K. THE INHERITANCE OF QUANTITATIVE CHARACTERS. Paper presented at 79th meeting, Amer. 
Assoc. Adv. Sci., Washington, Dec. 29, 1924, to Jan. 3, 1925. [Not published. Title in Program, p. 128.] 
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From the correlations among the characters of the plants of the 
F, it seems clear that plants which are late in flowering are at some 
disadvantage from the standpoint of productivity as compared with 
the earlier flowering plants. This slepdtaatoal relationship is the 
reverse of the parental associations, and it indicates that under the 
conditions of this experiment, when genetic variability is eliminated, 
the conditions which favor rapid growth tend to favor maximum 
production. 

There is an unexpectedly high correlation between height of plant 
and length of central spike in the F,. While the central spike is one 
of the components of height, and for that reason might be slightly 
correlated with height, this organ forms only 7 per cent of the total 
height. It must be concluded, therefore, that conditions which 
tend to increase height also increase the length of the central spike, a 
relationship which holds also for the length of the branching space 
though to a less degree. 

The length of the central spike is correlated also with total ear 
length. Such a correlation might be assumed to be the result of 
the morphological relationship between the central spike and the 
ear, since these organs are homologous, but if this were the true 
explanation the correlation between length of the central spike and 
the length of the upper ear should be even greater than that between 
the central spike and total ear length. That this is not the case is 
shown by the coefficient of 0.055 between length of the central spike 
and the length of the upper ear, and the explanation must be sought 
elsewhere. 

It has been shown that the environmental factors which produce 
tall plants also produce plants with long central spikes and long ears. 
If the operation of such environmental factors were the explanation 
of the observed correlation of central spike with total ear length, 
the coefficient should become zero when the height of plant is held, 
constant. Calculating the partial correlation with height-of-plant 
constant, it is seen that while the coefficient is reduced from 0.340 + 
0.040 to 0.259 + 0.042 there is still a significant relationship between 
these characters. 

With the exception of a rather high negative correlation between 
the total number of leaves and the > ae of beaking, the remaining 
correlations in the F,; are not unexpected and are easily understood. 
There is, however, an interesting correlation between the number of 
branches in the tassel and the number of rows on the ear. To a 
certain extent these organs are homologous, a tassel with many 
branches being the equivalent of a many-rowed ear. That the 
relationship is not simply one of a general size increase from favorable 
environment is shown by the partial correlation of number of branches 
with rows on the ear, with height constant r=0.164+0.044. Much 
the same correlation is found in the F;, where the partial correlation 
with height constant is r=0.197+0.035. It seemed worth while to 
calculate the partial correlation of number of tassel branches with 
number of rows on the ear for both the F, and the F, with each of 
the other 12 characters constant. These partial correlations are 
shown in Table ITI. 
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Tasie III.—Partial correlations of number of rows with number of tassel branches 
with each of the other characters constant 











F,¢ F,° Fy F;° 
COGN BOF. cena cnoecensecnesey \ri2.3  |r123 || Days pollen to silk_-....-.......- 0. 171 0. 195 
KNEE I ean . 164 . 197 || Length of central spike--_.....-.-- . 149 .178 
Number of suckers--...........-- | . 159 . 181 || Length of branching space - - - -.-- . 161 . 233 
Leaves above ear_-.........-.-..-- | .160 . 216 || Length of upper ear. _.......-.... - 165 171 
STEED: . 168 - 229 || Total ear length. ................. -171 . 186 
ESE -170 - 201 | | 


* F; coefficients greater than 0.135 are more than three times their error. 
> F; coefficients greater than 0.109 are more than three times their error. 


In no case does the coefficient become negligible in relation to its 
»srobable error, and in several instances the coefficient is increased. 
it would seem logical to conclude that the observed relationship of 
these two characters indicates a direct morphological relationship. 


CORRELATION AMONG THE PLANTS OF F, 


When the coefficients of correlation among the plants of the F, 
generations are considered in connection with those among the plants 
of the F;, it is found that there are only 17 instances where the F, 
coefficients differed significantly from those of the F;. These differ- 
ences, with their probable errors, are: 


Tey Tr, P. E. 
Height with number of days from pollen to silk____......__-_--- 0. 240+ 0. 056 
Height with number of tassel branches__..._......-_-_------- . 189+ . 058 
Number of suckers with length upper of ear_______._.--_----- —. 278+ .057 
Number of leaves above ear with total number of leaves__._.__.__ .163+ .054 
Number of leaves above ear with number of days to pollen _-_ __- _. 179+ .058 
Number of leaves above ear with number of days pollen tosilk_... .241+ .057 
Number of leaves above ear with number of rows----_-----~---- —. 234+ .057 
Total number of leaves with branching space____.___-__--_- _--- .3d20+ .056 
Total number of leaves with number of tassel branches- - - - - -_- . 219+ . 055 
Number of days to pollen with length of branching space _-_- -_- . 196+ .058 
Number of days to pollen with length of upper ear--_----__---_-_- . 236+ . 058 
Number of days to pollen with total ear length._-.....______- . 218+ . 060 
Number of days pollen to silk with total ear length.._________- .197+ . 054 
Number of days pollen to silk with number of rows_____-____-- —. 228+ .047 
Length of central spike with number of tassel branches - - - _---- . 541+ .054 
Length of central spike with length of upper ear_._-_._._-_-_- . 284+ . 056 
Length of branching space with number of tassel branches - - - _- . 250+ . 048 


Of these 17 coefficients, all but 1 represent coherences, the one 
exception being the negative correlation between number of suckers 
and the length of the upper ear. 

No logical explanation of this apparent disherence seems possible, 
since the relationship was positive in the F, and negative in the F,,. 
While it might be supposed that plants which produced suckers did 
so at the expense of the length of the upper ear, such a negative re- 
lationship should be more pronounced in the F, than in the F,, be- 
cause in the F, only physiological factors are involved, while in the F, 
a positive relationship would be expected for genetic reasons. The 
actual correlations are just the reverse of these expectations. 

Nor can the observed negative correlation be considerd as a sec- 
ondary one due to the interrelations of number of suckers and length 
of upper ear with other factors, since partial correlations between 
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these characters with various other characters constant are not 
materially less than the observed coefficients of — 0.278 + 0.057. 

The production of long ears on plants with few suckers must stand 
as a definite disherence in this hybrid, with no explanation possible 
from the available data. 

With respect to the number of rows on the ear, this hybrid offers 
an unusual opportunity to determine whether genetic correlations exist 
between this character and other characters involved in yield. The 
value of the number of rows on an ear as a criterion for selection de- 
pends upon the extent to which this character is associated with the 
other characters of yield. 

It has been seen from the F, coefficients that a morphological cor- 
relation exists between the number of branches in the tassel and the 
number of rows on the ear. This seems to be the only instance of a 
correlation with the character number of rows in the F,, and it may be 
concluded that such physiological correlations as exist are negligible, 
not greatly exeeding 0.1 in magnitude. 

When the F, correlations with number of rows are examined in 
connection with those of the F,, two significant correlations are found, 
both indicating coherences. These are with number of leaves above 
ear (r—0.234+0.057) and with number of days from pollen to silk 
(r—0.228+0.047). While neither of these characters is closely 
associated with yield, the question might arise as to whether the num- 
ber of rows would be indirectly associated with yield due to the inter- 
relations of these characters. Calculating the partial correlations 
between number of rows and ear lengths, season and height, with each 
of the other factors constant, fails to reveal significant correlations, 
and it seems logical to conclude that as far as the data available in 
this study are concerned there is no important genetic correlation of 
number of rows on the ear with either the season or yield of the plants. 

This conclusion corroborates the results of previous investigators 
who have shown that with certain varieties there is no sensible re- 
lationship between number of rows on the seed ear and the subse- 
quent yield of their progeny (2, 6, 7, 8). 

Richey (9), however, has shown recently that with very large popu- 
lations the small and statistically insignificant coefficients previousl 
observed become significant, the indications being that a small 
negative correlation exists between the number of rows and yield. 
Richey’s results are supported by the experiments of Kyle and 
Stoneberg (5) who found that progenies, grown from many-rowed 
ears, yield less than those grown from ears with few rows. 

That genetic correlations with number of rows are not found in the 
a 1ybrid does not necessarily conflict with the findings of 

ichey; with the comparatively small population studied, it can not 
be stated with certainty that correlations of the magnitude observed 
by him did not exist. It must be borne in mind also that with the 
present hybrid the correlations between number of rows and the other 
characters are based on the individual plants of an F,, while in the 
works cited the correlations with ear characters are parent-offspring 
correlation, i. e., between the characters of the seed ears and charac- 
ters of the subsequent progeny. In these latter cases observed cor- 
relations may not be genetic in origin. 

Thus, if a very uniform stock of seed were used, such as an F, 
hybrid, between highly inbred lines, it probably would be found that 
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a positive correlation existed between high-yielding plants and the 
number of rows on the ears produced by them. This would follow 
from the fact that in such a stock there would be no genetic varia- 
tion, and all the variability in number of rows would result from 
environmental causes. Such correlations would not indicate a 
heritable relationship, and no advantages would be expected to 
follow the use of many-rowed ears from such a population as seed 
stocks, except in so far as they might be assumed to have developed 
under favorable conditions and hence bear seed capable of producing 
vigorous seedlings. 

It is obvious, however, that in a heterogeneous stock made up of a 
standard dent having 12 to 14 rowed ears and a variety of pop corn 
having ears with 18 to 20 rows, the resulting population ied show 
a high negative correlation between a large number of rows and yield. 
Selection for large number of rows in such a population almost cer- 
tainly would result in a reduction of yield. The same result would 
be obtained with a population composed of a mixture of many-rowed 
southern dents and eight-rowed northern flints, if the test were 
conducted at the northern limit of the many-rowed varieties. On the 
other hand, this same mixture grown in the region to which the many- 
rowed varieties were adapted would give the reverse correlation with 
large number of rows positively associated with high yield. 

With a stock of this sort, selection for row number would be 
effective in improving yield only in the event that ears with few rows 
were chosen for the northern regions and ears with many rows for 
the southern regions. 

While these illustrations are extreme, they represent the conditions 
prevailing, only to a less extent in many of our commercial stocks of 
corn which represent mixtures of many strains. In a large section 
of the corn-growing region the tendency has been to isolate from 
seed of mixed stock the many-rowed strains, and the result of this 
practice is indicated by the soft-corn problem which is faced in 
years of short growing season. 

That the selection of many-rowed ears from such stocks has 
resulted in isolating strains requiring a long season for normal 
maturity does not mean that a genetic ne Bs exists between 
many rows and season, since these characteristics could be inde- 
pendent in inheritance. The result simply indicates that the mix- 
ture was composed of many-rowed late sorts and few-rowed earl 
sorts. From the practical standpoint of selecting seed for the fol- 
lowing crop, it makes little difference whether the observed correla- 
tion results from genetic or purely artificial causes, but from the 
standpoint of continued inprovement through breeding it is important 
to determine whether genetic correlations exist between the characters 
of the ear and other parts of the plant. 

The existence of genetic correlations can be determined only 
from hybrids, and with the present hybrid, which involves rather 
extreme differences in most of the characters considered, there would 
seem to be no close linkages between the factors for row number 
and the other factors for yield or season. 

While it is entirely possible that populations of greatly increased 
size would establish the significance of some of the ccefficients now 
less than three times their error, it must be borne in mind that to be 
of use as criteria for selection the coefficients and not their statistical 
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significance must be increased, since correlation of a magnitude less 
than 0.4 are of little value for prognostication. 

Proceeding to the remaining correlations among the characters 
other than number of rows, those of the greatest interest are the ones 
in which the coefficients in the F, and F, are of opposite signs. There 
are 8 such combinations which show significant differences as meas- 
ured by the P. E. of the difference between F, and F,. These are the 
following: 


rry—Tr, P.E. r/E 

Height of plant with number of days pollen to silk______ 0. 240+. 056 4, 28 
Height of plant with number of tassel branches - -- - -_- . 189+. 058 3. 26 
Number of leaves above with number of days to pollen__ .179+. 058 3. 08 
Number of leaves above with number of days pollen to silk. . 241+. 057 4. 24 
Total number of leaves with length of branching space_._ . 320+. 056 5. 70 
Number of days to pollen with length of branching space. . 196+. 058 3. 38 
Number of days to pollen with length of upper ear______ . 236+. 058 4. 06 
Length of central spike with number of tassel branches__ . 541+. 054 0. 00 


Although these eight coefficients exceed their error by more than 
three times, in only one instance were both the F, and F, coefficients 
significant. In the case of the correlation between the length of the 
central spike and the number of tassel branches the F, coefficient was 
— 0.261 +0.042, while the F, coefficient was 0.280 + 0.034, both being 
significant. 

It seems clear that with genetic variation largely eliminated, as is 
the case in F,, a large number of tassel branches occur at the expense 
of the length of the central spike, a condition just the reverse of the 
parental combination where the long central spikes were associated 
with many branches. In the F,, where the genetic factors come into 
play, the coefficient becomes positive, which indicates that in the case of 
these characters the genetic correlation outweighs the physiological one. 

The coefficient in the F, becomes somewhat larger when the length 
of the branching space is held constant, r = 0.555 + 0.053, and does not 
approach zero with any of the other characters constant. 

yith the exception of one or two of the smaller coefficients, the 
others may be accepted as indicating genetic relationships. It is of 
interest to note that of these correlations only one, that number of 
days to pollen with length of upper ear, involves a character directly 
associated with yield. The correlation of long ears with late plants 
in the F, population, as indicated by the difference between the F, 
and F, coefficients, can not be considered as a physiological one, since 
the correlation was negative in the F,, which indicates that with a 
genetically uniform population the plants which were so situated as 
to mature rapidly were also those which encountered an environment 
favorable to the production of ears of maximum length. 


SUMMARY 


The inheritance of quantitative characters in a hybrid between 
a many-rowed pop corn of short stature and a giant dent variety 
has been studied. Although the size differences were great, there 
was no evidence in the F, of bimodality in the frequency curves of 
any of the 13 characters studied. 

The correlations between these quantitative characters have been 
analyzed, and while several genetic correlations were found among 
the 13 characters, only 1 involved a direct relation with yield. In 
this case it was found that plants of long season tended also to produce 
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long ears. In the F, population this relationship was negative, indi- 
cating that, with genetic factors eliminated, the environmental factors 
which favored rapid growth also favored the production of long ears. 

This hybrid o seed an unusual opportunity to determine whether 
genetic correlations existed between the number of rows of seeds on 
the ear and the other characters studied. The number of rows on 
the ear was found to be correlated with two other characters, but 
neither of these was associated with yield and the coefficients were 
small. In this hybrid there seem to be no genetic correlations 
between the number of rows on the ear and either yield as measured 
by the ear lengths or rapidity of growth as measured by the period 
required for flowering. 

tn addition to the lack of genetic correlations with number of 
rows, there also were few if any physiological correlations with this 
character, indicating that the environment has little effect upon the 
number of rows. 

The lack of genetic correlations with number of rows would 
indicate that this character was of no value in selecting for yield, 
but the possibility is recognized of the existence of artificial cor- 
relations with number of rows on the ear, in mixed stocks, which 
would affect the value of this character as a criterion for selection. 

In the present hybrid a difference existed between the parents in 
the color of the aleurone layer of the seeds, the seeds of the small 
parent being colored and those of the large parent white. As in 
several other hybrids involving both quantitative and simple Men- 
delian qualitative characters, there was no evidence that the Men- 
delian aiinahes. in this case aleurone color, was associated with the 
size character of the parents. 
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RELATIVE TOXICITY{OF THE LUPINE} ALKALOIDS? 


By James Firron Coucu 


Associate Chemist, Pathological Division, Bureau of Animal Industry, United 
States Department of Agriculture 


INTRODUCTION 


The poisonous properties of many species of lupines are due in 
part, possibly wholly, to alkaloids. Although there have been 
reports that “lupinosis” is caused by a substance related to the 
bacterial toxins and named “ ictrogen”’ or ‘‘lupinotoxin,” they have 
not been fully confirmed. Cases of poisoning by lupines are known 
in which there is little possibility of anything other than the alkaloids 
being the causal agents. As far as lupine poisoning of livestock in 
the United States is concerned, only one occurrence in which ictrogen 
may have played a part has been reported. In other cases the toxic 
effects were clearly due to the alkaloids. 

Several of these bases have been isolated from various species of 
ee and the chemistry of five of them has been carefully studied. 
Their pharmacological characters have not, however, received an 
extensive investigation, and no one yet seems to have reported a 
careful study of their relative toxicities. 

Information on this latter point is particularly desirable, inasmuch 
as different species of lupines contain different alkaloids. None that 
have hitherto been examined contains more than two alkaloids and 
some species contain only one. Sparteine ? and lupinine are always 
found together in this genus; d-lupanine occurs alone or associated 
with racemic lupanine or with hydroxylupanine, which has been 
found only in a perennial lupine, Lupinus polyphyllus. 

As the poisonous properties of the lupines may be expected to 
vary with the kind as well as with the quantity of alkaloids present, 
it was thought desirable to study the relative poisonous properties 
of the known lupine alkaloids in connection with an extensive investi- 
gation of the genus Lupinus now in progress. Accordingly, speci- 
mens of the alkaloids were prepared from the seeds of Lwpinus augusti- 
folius, L. luteus and L. polyphyllus, and with these was tested a new 
lupine alkaloid, spathulatine, recently isolated from L. spathulatus, 
a species of which occurs in Colorado and Utah. 


EARLIER INVESTIGATIONS OF THE PHARMACOLOGY OF THE 
LUPINE ALKALOIDS 


Fick (9)* reported some observations upon the effects of sparteine 
on animals. Kiihn and Liebscher (12) made an extensive study of 
sparteine and lupinine. They concluded that sparteine is the more 
toxic whether given by mouth, intravenously, or subcutaneously. 


1 Received for peatenticn June 2, 1925, issued January, 1926. 

2 Identical with “‘lupinidine,’’ by which name it is referred to in all lupine literature before 1902. 

2 A description of the chemistry of this alkaloid is found in NELSON, E. K. THE NON-VOLATILE ACIDS 
OF THE DRIED APRICOT. Jour. Amer. Chem. Sec. 46: 2506-2507. 1924. 

4 Reference is made by number (italic) to “‘ Literature cited,’’ p. 67. 
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Gemma (10) studied the action of an impure mixture of d-lupanine 
and di-lupanine from L. albus.’ Frogs were paralyzed by 20 mg. 
given subcutaneously, and were killed by 40 to 60 mg.; while 150 mg. 
injected into a 600-gram rabbit produced death in 45 minutes, and 
slight symptoms of poisoning followed the injection of 500 mg. into a 
1.3 kg. rabbit. A 650-gram guinea pig was not affected by an injec- 
tion of 60 mg. Gemma used his alkaloidal mixture as a remedy in 
human cases of intermittent fevers, and reported favorable results. 

Kobert (1, p. 52-53) compared sparteine with curarine and found it 
similar but much less toxic; 10 mg. injected intravenously and 20 mg. 
subcutaneously were without effect on rabbits, and 100 mg. were 
merely toxic. Griffe (11) reports the m. 1. d. (minimal lethal dose) 
of sparteine sulphate for guinea pigs ‘‘of small size” as 20 to 50 mg., 
and for rabbits as 100 to 150 mg. Laborde (quoted by Griffe (1/)) 
had determined the m. |. d. of sparteine sulphate as 50 to 60 mg. for 
guinea pigs. Léwenthal (/3) studied the pharmacology of sparteine 
and lupinine. He made no systematic effort to determine the m. |. d. 
but reports that rabbits withstood doses of 200 and 300 mg. of spar- 
teine sulphate, while 1 gram killed. A cat was killed by a dose of 300 
mg. He found lupinine much less toxic. Doses of 1 to 1.5 grams 
were required to kill ‘‘warm-blooded animals.” In the course of his 
studies, Léwenthal demonstrated the excretion of sparteine in the 
urine of a rabbit. 

Raimondi (/6) investigated the action of sparteine, lupinine, and 
lupanine, and concluded that all these alkaloids are analcgous but 
not identical in pharmacologic action. He reports no conclusions as 
to their relative toxicity. ang (5) killed a 1.5-kg. rabbit with 500 
mg. of sparteine sulphate and a 6.5 kg. dog with 30 mg. in two doses, 
though a 5.14-kg. dog survived a single dose of 50 mg. Cushny and 
Matthews (7) found doses of 100 mg. of sparteine sulphate per kilo 
without effect when .given subcutaneously to rabbits. Willstitter 
(18) reports that Von Baeyer had investigated the physiologic action 
of benzoyl-lupinine, a compound which Willstiitter and Fourneau had 
synthesized not long before, and had found it to act like lupinine but to 
be about ten times as strong. Cow (6) reported that sparteine causes a 
decided dilatation in the carotid, gastric, and anterior tibial arteries. 
Dorlencourt (8) concluded from his studies that 66 mg. of sparteine 
sulphate injected intramuscularly is the m. |. d. for guinea pigs, and 
stated that 60 mg. caused death in 40 per cent of the cases observed. 
He demonstrated that tolerance to sparteine is not established in 
guinea pigs by repeated injections of small doses. Jeanne Weill (17) 
observed that sparteine acts like curare in increasing the reaction 
time of muscle and decreasing its excitability. Pilcher and Sollmann 
(15) determined that sparteine is without direct action on the 
respiratory center. 

n 1916 Black (14, p. 27-28) made a study of the comparative 
toxicity of the seeds of different species of lupines. He prepared 
alkaloidal extracts from the European species Lupinus luteus, L. 
albus, and L. augustifolius, and from the American specis L. leucopsis, 
L. leucophyllus, and L. argenteus. He injected solutions of these 
extracts intraperitoneally imto mice. He found L. albus and L. 





5 Gemma refers to the alkaloid which he used as “‘lupinina,’”’ but neglects to state its source. Baumert (/) 
states that Gemma’s alkaloid was derived from L. albus. It was, therefore, a mixture of dextro and racemic 
lupanines. 
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augustifolius (which contain lupanine) about equally toxic. They 
were much stronger than L. luteus (which contains sparteine and 
lupinine). L. leucopsis and L. leucophyllus were as toxic as L. albus, 
while L. argenteus was by far the most toxic of all. 

Sollmann (14, p. 7-9) also studied the effects of alkaloidal extracts 
which he prepared from seeds of the American species Lupinus seri- 
ceus, L. cyaneus, and L. leucophyllus. He found L. sericeus and L. 
leucophyllus about equally toxic and about twice as potent as L. 
cyaneus. Sollmann reported the fatal doses as follows: For rabbits, 
between 1.2 and 2.4 grams per kilogram when given by mouth, and 
between 123 and 246 mg. per kilogram when injected subcutaneously 
(or one-tenth the fatal dose by mouth); for guinea pigs, 62 to 100 
mg. per kilogram injected subcutaneously; and for dogs, about 12 
mg. per kilogram, injected intravenously. As remedies for the 
poisoning, Sollmann reports good results from the use of potassium 
ag a gr diuretin, and tea. 

Marsh, Clawson, and Marsh (/4) made extensive feedings of native 
American species of lupines to horses, cattle, and sheep. The plants 
used were Leia myrianthus, L. comatus, L. leucophyllus, L. leucop- 
sis, and L. argenteus. Their data give little information as to any 
difference in toxicity among the species fed. They report the seeds 
the most toxic part of the plant, the pods less toxic, and the leaves 
the least toxic. 

Beath (2) isolated two alkaloids from the silvery lupine of Wyoming 
(Lupinus argenteus). An alkaloidal extract from this plant, tested 
by intravenous injection, was fatal to dogs in a dose of 27.2 mg. per 
kilogram. 


THE PRESENT INVESTIGATION 


Most of the studies made on European lupines have been concerned 
with sparteine and lupinine. There seem to be only three meager 
reports on the action of lupanine and none on hydroxylupanine. 
The available data, therefore, give no satisfactory clue as to the 
comparative toxicity of these four alkaloids. 

The present investigation was undertaken to supply this lacking 
information. The problem involved the preparation of authentic 
samples of the alkaloids, and the development of a method for test- 
ing their toxicity that might be standardized and applied at any 
future time to whatever new alkaloids might be isolated from Ameri- 
can species of lupines. By using such a standard method, any new 
lupine alkaloid might be compared in toxicity with the known 
lupine alkaloids. 


PREPARATION OF THE ALKALOIDS 


Through the courtesy of C. V. Piper of the Bureau of Plant Indus- 
try, generous quantities of the seeds of various lupines were obtained. 
A portion of each lot was sown and the plants which grew from these 
seeds were identified. This procedure failed in the case of Lupinus 
augustifolius, the seeds of which did not germinate. 

he alkaloids were extracted by well-known phytochemical 
methods. Lupinine (C,;>H,,NO) was prepared from seeds of Lupinus 
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luteus. The ground seeds were extracted with acidulated alcohol by 
percolation; the percolate was concentrated to small volume, mixed 
with water, and precipitated by aqueous lead acetate. This procedure 
removed the greater part of the proteins, fats, and organic acids. 
The filtrate from the lead precipitate was freed of lead by a current of 
hydrogen sulphide, then filtered, evaporated to convenient volume, 
made alkaline with sodium hydroxide, and extracted with chloroform 
in successive portions until the alkaloids were removed. The chloro- 
form layer was removed from the watery solution and freed of solvent 
by distillation. The residual alkaloidal mass was dissolved in dilute 
hydrochloric acid, and the solution was agitated with fresh chloroform 
to remove fats. The water solution of the hydrochlorides was 
further purified by prolonged boiling with animal charcoal. The 
filtrate from this process was evaporated to small volume, made 
alkaline with sodium hydroxide, and extracted by chloroform. 
The chloroform solution contained the nearly pure alkaloids. The 
method of Willstitter and Fourneau (1/8) was used to separate the 
lupinine and sparteine. Lupinine was yielded in very pure crystals. 
This sample was nearly odorless, as Willstitter reported the alkaloid 
to be, contrary to the statements of other observers who have at- 
tributed to lupinine a “coniine-like odor.’ This coniine odor, it may 
be said in passing, occurs with all crude alkaloidal extracts prepared 
from lupines by the use of chloroform and appears to be due to the 

resence of some isonitrile formed during the process of extraction. 

he pure lupinine so prepared was dissolved in water and carefully 
neutralized with dilute hydrochloric acid for use in the experiments. 

Sparteine (C,;H..N) was prepared from the mother liquors obtained 
in the purification of the lupinine. On account of the great difficulty 
encountered in separating it completely from lupinine, any data 
obtained through its use would necessarily be somewhat doubtful. 
The specimen used in the experiment was, therefore, a sample of 
U. S. P. sparteine sulphate purchased in the open market and 
undoubtedly prepared from Spartium scoparium. This sample 
was not likely to be contaminated with lupinine. It conformed to 
standard tests for identity and purity. A few tests were also made 
with the sparteine prepared from Lupinus luteus, and these showed 
that this specimen did not differ materially in toxicity from that used 
in the tests. 

Lupanine (C,;H.,N,0O) was prepared from Lupinus augustifolius 
and L. polyphyllus by cuatiaile the same process used in preparing 
the alkaloids from L. luteus. It was converted into the hydrochloride 
for use in the tests. 

Hydroxylupanine (C,;H»N,0,) was prepared from Lupinus 
pn. The crude alkaloidal extract contained both d-lupanine 
and hydroxylupanine, which were separated by the method of 
——. (4). For use the alkaloid was converted into the dihydro- 
chloride. 

Spathulatine (C;;HaN,O;) was isolated from Lupinus spathulatus 
by a similar procedure. No crystalline salts of this alkaloid have yet 
been pin pero but the free base is sufficiently soluble to allow the 
use of an aqueous solution in the tests. 








Jan. 1, 1926 Relative Toxicity of the Lupine Alkaloids 55 


METHOD OF DETERMINING THE TOXICITY OF THE ALKALOIDS 


The animals used in the comparative tests were guinea pigs. 
They were bred at the experiment station of the Bureau of Animal 
Industry of the United States Department of Agriculture at Bethesda, 
Md. After arrival at the laboratory they were kept under observa- 
tion a sufficient time to make certain of their healthy condition. A 
standard weight of 500 grams was chosen and, as guinea pigs may 
vary considerably in weight from day to day, the extreme limits of 
weight permitted were 475 to 525 grams, and no animal whose weight 
lay outside this limit was accepted for use in the experiments. The 
greater number used weighed within 15 grams of 500. In this way 
any possible discrepancy due to large lees in body weight was 
excluded. 

The method of administration of the alkaloids to the experimental 
animals was carefully considered. Preliminary experiments indicated 
that the toxicity of these substances was dependent upon several 
variable factors, the rate of absorption into the blood stream being 
the most important. It was noted that these alkaloids are rather 
rapidly excreted through the kidneys, so unless toxic doses are rapidly 
absorbed they may fail to reach a toxic concentration in the blood 
and the animal may exhibit no effect. This fact is demonstrated by 
the great difference in fatal doses between gastric and subcutaneous 
administration. As Sollmann found, the m. |. d. by mouth is ten 
times that by subcutaneous injection. A series of experiments was 
made in the course of this study in which the alkaloidal solution was 
injected subcutaneously. It was found that absorption was less 
rapid and the m. |. d. was much higher than when the solutions were 
injected intraperitoneally. 

In addition, the subcutaneous injections caused abscesses and 
necrosis at the site of injection in animals that survived the test, 
which made this procedure undesirable for the study of cumulative 
and tolerance effects. The same objections applied to intramuscular 
injection. 

Intravenous administration excludes all question of rate of absorp- 
tion, but presents disadvantages of its own, chief of which is the 
difficulty of injecting solutions into the small veins of the guinea 
pig. Inasmuch as the results obtained by intraperitoneal —— 
were quite concordant, and it seemed evident that this method of 
dosage was equally favorable to all of the substances tested, it was 
chosen as the standard procedure. Consequently the conclusions 
reached concerning the relative toxicity of the lupine alkaloids are 
based on data obtained by this method of administration. 

The hypodermic syringes used were of 2 c. c. volume, graduated in 
tenths of a cubic centimeter. They were carefully standardized. 

The alkaloids were dissolved in distilled water for administration. 
The strength of the solution was adjusted so that the doses given, 
which could not differ by less than 0.025 c. c., might be varied within 
a small range in order to determine the m. 1. d. very closely. It 
was noted that the toxicity of the alkaloids depends considerably 
on the concentration of their solutions, the more dilute the solution 
the less rapid the absorption of the alkaloid and the greater the 
m. |. d. is phenomenon is so striking that further study of it is 
projected. 
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All but one of the alkaloids were administered as salts. Sparteine 
was injected as sulphate; lupinine, lupanine, and hydroxylupanine 
were injected as hydrochlorides; and spathulatine, which forms no 
crystalline salts, was injected as the free base. 


SYMPTOMS SHOWN BY THE POISONED ANIMALS 


There is a general similarity in the syndromes of poisoning by any 
of the lupine alkaloids. All cases show depression and muscular 
paralysis, and death follows from asphyxia. Sparteine poisoning 
is distinguished by the occurrence of general spasms. The symptoms 
shown by animals poisoned by the four other alkaloids are so similar 
as to be indistinguishable. 

Following the administration of lupinine, lupanine, hydroxy- 
lupanine, or spathulatine the earliest symptoms observed are rest- 
lessness and mild excitement. The animals run about as if in dis- 
comfort, often emitting the peculiar chattering cry of the irritated 
guinea pig. This condition is quickly succeeded by depression. 
The animal stops moving about, often quite suddenly, crouches on 
the table and remains quiet. Animals that recover rarely go beyond 
this stage and have not been observed to show dyspnea. Fatally 
poisoned animals soon become paralyzed, and, if undisturbed, relax 
until they are lying prone upon the table. The hind legs are affected 
first, and frequently the animals attempt to walk, pulling themselves 
along by the forelegs and dragging the useless hind legs. The gait 
is weak and uncertain, and it is not long before the paralysis over- 
takes the fore quarters and the guinea pig sinks flabbily to the table. 
Mild muscular tremors may occasionally be observed but these are 
rare. There are shivering movements of the entire musculature, and 
frequent violent retching occurs. The head is extended flat on the 
table. If undisturbed, the animal usually assumes the strychnine 
ar It is now completely paralyzed and is characteristically 
imp. It may be placed in any position without its attempting to 
regain its feet. The conjunctiva and visible mucous membranes 
are cyanotic, the eyeballs protrude, dyspnea becomes pronounced, 
and the respiration becomes gasping. Sometimes asphyxial con- 
vulsions occur, but these are rare and end long before death; the 
respiration gradually slows and stops: the heart continues to beat for 
a considerable time after the breathing has ceased, but becomes 
steadily weaker, irregular, and finally stops. 

The course of sparteine poisoning is characterized by severe 
tremors. Symptoms are observed shortly after injection. The first 
marked symptom is usually a depression which may follow a period 
of unusual excitability. The respiration becomes much more rapid. 
The depression is quickly followed by general tremors which are at 
first mild and not prolonged. These tremors are most noticeable in 
the neck and shoulder muscles, the head bobbing rapidly in a vertical 
plane. Between spasms the pig may lie quiet or may run unsteadily 
about. These may be all the symptoms observed or the case may 
progress with the tremors becoming more frequent and more violent; 
the animal may raise its body by extending the forelegs rigidly and 
tremble violently in that position. Paralysis sets in late in the course 
of the sickness; the forelegs are affected first in most cases, although 
in a certain proportion the paralysis appears to affect the hind legs 
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first. In attempting to move about the animal may shove itself 
ahead with its hind legs, the forelegs remaining limp and useless and 
the head resting on the table. Following this stage the respiration 
becomes much slower, the animal is gradually paralyzed, cyanosis is 
marked, and the eyeballs protrude. There are a few asphyxial 
convulsions, the animal gasps for breath, and death finally comes in 
respiratory paralysis. The heart beats for some time after the 
breathing has ceased. 

The chief differences between the symptoms shown by guinea pigs 

oisoned by sparteine and those poisoned by any one of the four other 
feels alkaloids are the course of the wre: ter and the characteristic 
tremors observed in all fatal sparteine cases. Autopsies performed on 
animals dead from poisoning by any of these alkaloids exhibit the 
same picture, that of tpieal asphyxia. 

The symptoms usually developed rapidly after administration of the 
alkaloid. In a number of cases in which large doses were given the 
animals died within 5 to 10 minutes after injection. When the dose 
is close to the m. |. d. the animals show slight paralysis, or, in the case 
of sparteine, tremors, in from 15 to 20 minutes after injection. The 
sickness is generally terminated within an hour after the onset. 
Recovery is very rapid and generally all effects have vanished in 
from 5 to 6 hours. In two or three cases, however, the animals died 
in from 24 to 48 hours after injection. 


GENERAL RESULTS 


The general results obtained in this series of determinations are 
summarized in Table I. These results show that d-lupanine is the 
most toxic of the alkaloids tested; that sparteine is about 5 per cent 
less toxic, and that lupinine is about 85 per cent as toxic as d-lupanine. 
Spathulatine is about 70 per cent as toxic and hydroxylupanine only 
one-tenth as toxic as d-lupanine. 


TaBLE I.—Relative toxicity of the lupine alkaloids 


Minimal Toxic 


Substance lethal dose | TOXi¢ dose | gouivalents 
Free alkaloids: Mg. per kg. Mg. per kg. Mg. 
i a a .-| 22to 25 2lito 24, 40 to45.4 
ES PIRES LIE AK RK aly | 23to 30 2lto 31 33.3t0 43.5 
OS SEE = wdiptieakstagl eae SS 25to 28 33.3 to 35.7 
| SR 7 SS -| 34to 36 34to 35) 27.7to 29.4 
: Hydroxylupanine-_._..........--. SNE adleden 228 | 114 to 228 d 
Salts: 
Lupanine hydrochloride. ___-__- hala a eee ----| Bto @ 24to 28 | 34.5to 40 
Sparteine sulphate....................--. a 27to 55 18.1to 23.8 
Hydroxylupanine hydrochloride-.__---- EE RED } 291 | 145 to 292 3. 43 


* The toxic equivalent is calculated by dividing 1,000 by the m. |. d., and represents the number of grams 
of body weight poisoned by 1 milligram of substance. 


d-LUPANINE 


The results obtained in the determination of the toxicity of d- 
lupanine are presented in Table II and these data are analyzed in 
Table III. In Table II the concentration of the solution used 1s given 
in milligrams per cubic centimeter and the dose injected is expressed 
in three ways: First, as the actual volume of solution injected; 
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second, as the actual amount of alkaloidal salt administered; and 
third, as the dose of alkaloidal salt calculated as milligrams per 
kilogram of body weight. The result of each injection is stated in 
the column under heading of “Effect.” “Lethal” indicates that the 
animal died as a result of the injection; “Toxic” indicates that the 
animal was made sick but recovered; and “‘ Nontoxic”’ indicates that 
there were no apparent effects from the dose given. The figures in 
the “ Time sick” column refer to the lapse of time between the injec- 
tion and the death of the animal. Inasmuch as it is not possible to 
determine in a regular way just when the animal begins to suffer 
from the effects of the dose, this point could not be used for the 
purpose. Apparently the animals are affected almost immediately 
after the injection, so the choice of that time leads to more accurate 
relative figures for the duration of the sickness. The error inherent 
in this method is negligible in such cases as are dealt with here. 


TaBLe II.—Tovzicity of d-Lupanine hydrochloride injected intraperitoneally in 
guinea pigs 


Guinea pig 

















‘ | Con- | i 
Date and time o cen- a . fan ime 
injection | tra- Dose given Effect sick 
No. Weight tion 
| Mg. ; 

Grams 1921 | per c.¢ c. ¢. Mg. | perk 
155 500 | Feb. 25, 10.35 a. m_-} 400; 0.8 320 640 
156 500 |__._.do welds = 400 | 4 300 600 
157 485 | Feb. 25, 10.36 a. m__-_! 400 .7 80 577 
158 480 .-do. = 400 .6 240 500 
159 520 | Feb. 26 400 - 45 180 346 
160 __ , | Se 400 3 120 250 
161 535 | Feb. 28, 2.05 p. m- 400 1 40 71.2 
162 520 | Feb. 28, 2.01 p. m- 400 15 60 SRS bocend do 4 
163 515 | Feb. 28, 2.02 p. m_ 400 a 80 155.3 |..... ae 
164_ 500 | Feb. 28, 2.03 p. m_-_- 400 mS 40 . do 3 
165 505 | Feb. 28, 2.33 p. m__- 100 3 30 59. 4 do 16 
166 510 | Feb. 28, 2.34 p. m_- 100 oD 20 -. 2 MIN ecient (*) 
167 510 | Feb. 28, 2.35 p. m__ 100 - 35 35 68. 6 .-do- 12 
168 520 | Feb. 28, 2.41 p. m_- 100 . 35 35 67.3 .-do. 18 
169 520 | Feb. 28, 3.33 p. m__- 20 .9 18 | RD Ee ra 
170 480 |....- do. TS 20 8 16 33.3 i: “EAT! 
171. 485 | Feb. 28, 3.34 p. m-_. 20 m 14 28.8 | Lethal 27 
172 500 | Mar. 1, 2.13 p. m_.-- 20 | oe 14 28 Toxic 
173  ~, =o" RRS: EES 20 -8 16 31.6 | Lethal_---- 47 
174 | ae Ee 20 5 10 ly Se eee 
175 500 | Mar. 1, 2.14 p. m 20 6 12 24 Slightly toxic__|_.._-____- 
169 {> “h See 20 ot 14 26.9 | Lethal.......-. 21 
170 |) NS 20 .6 12 a do 40 
172 500 gd esta siniekiptabinaiic 20 - 15 15 a ee do- cel 66 
174 490 |..... ks 20 . 65 13 26. 5 |.....do. a 20 
175 500 Saree 20 oF 14 | ee SS J 23 
176 J OS ers 20 75 15 ee ee 28 
178. 500 | Mar. 10, 10.20 a.m 16 on 11.2 22.4 | Toxic > 
179 ; | eT ea 16 .6 9.6 Se See See 
180__. k 485 res 4 16 6 9.6 19.8 | Nontoxic_- 
181 7 eS 16 75; 12 8) ee gas eepreteaieat 
RARE | See “Serres 16 50 s J) wae ' ORS Re eee ds 
«=e 515 | Mar. 11, 10.50 a. m_- 16 | . 85 13. 6 26. 4 , RT EES 
Sree 480 | Mar. 11, 10.51 a. m_- 16 | 85 13.6 kg Say do. 


* Found dead following morning. 
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Tas_e III.—Analysis of data in Table II 




















| 
| d-lupanine HCI d-lupanine HCI 
Guinea | —— Bw | Guinea —— Pa. 
pig No. | ; Non- alkaloid pig No. a 8 oid 
Lethal | Toxic toxic | Lethal Toxic | toxic 
| Mg. per | Mog. per | Mg. per Mg. per | Mg. per | Mg.per | Mg.per| Mg. per 
— | & kg. kg. kg. -— | kg. 
558 } 172 UA Sees eee: 26. 1 
523 } 171 SE” he incited tdeatincen 25. 1 
503 | 176 TD eee eee. 25. 1 
438. 9 175, 172 28 | Sarita! 24.4 
301. 7 > aa gl aes 24.2 
218 } 169 i i See ees: 23.5 
135.4 || ek: ee ee ee 23.1 
98. 9 A SE Rrregaee Se: tb cccsace 23 
69.7 || 170 | 25 anes 21.8 
62. 1 3 Rees 20.9 
59.8 | 181 |...-------|---------- 23.3 20. 3 
58.7 =} Sees: SE J 2 19.7 
51.8 || 9 =e eae 19.5 
34.2 || ie See Sh ERS 17.4 
ee 34.6 30. 2 |) ekeraapan: BRET 19.8 17.3 
 h aeasacaen 2g saab 2 (|| So ait neta: aS 16.6 14.5 
ne *  Werconal semen 27.5 || | | 
| | | 





Table III shows at once the relationship between size of dose and 
its effect. The doses are calculated on a basis of milligrams per kilo- 
gram of body weight. It is interesting to note that cases 169 and 
170, which, on February 28, survived doses of 34.6 and 33.3 mg. per 
kilogram, respectively, showing very toxic effects, were, on March 2, 
killed by much smaller doses of 26.9 and 25 mg. per kilogram. It 
has been observed with all of the lupine alkaloids tested that there is 
very little difference between toxic and lethal doses, and that there 
is no sharply defined point above which all doses are lethal and below 
which all doses are not fatal. In the neighborhood of the minimal 
lethal dose, other factors, such as individual variations in absorba- 
bility, volume of blood per kilogram of body weight, and excretory 
activity become of importance enough to determine the outcome of 
the sickness. 

LUPININE 


The data obtained in the experiments with lupinine are presented 
in Tables IV and V and are analyzed in Table VI. According to 
these data lupinine is about 85 per cent as toxic as lupinine and 90 
per cent as toxic as sparteine. This is a much higher degree of 
toxicity than the results previously reported indicate. There is no 
evidence, however, that the earlier workers determined the minimal 
lethal dose of the lupinine with which they worked, while there are 
grounds for suspicion that much of the substance they employed was 
impure. 
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TaBLe IV.—Tozicity of lupinine injected intraperitoneally in guinea pigs 
Guinea pig Con- 

Date and time of | cen- aye oe Fcc Time 
injection | tra- Dose given Effect sick 
No. Weight tion 
Mg. per Mg. per 
Grams. 1923 } ¢.¢, C.e. Mg kg. Minutes 

RE 525 | Dec. 1, 10.38a.m_...| 148 0.1 14.8 28.2 | Nontoxic. .....|.......... 

Se 480 |..... RR 148 - 29. 6 61.7 | Lethal -..-..-.- 15 

SS ae 495 | Dec. 1, 10.30a.m_...| 148 1.0 148 ee tewaedl i siecertriance, 4 

a 495 | Dec. 1, 10.31. a. m__..| 148 m 74 149. 5 |. SD 5 

. eo : 475 | Dec. 1, 1.43 p.m-_..| 49.3 .3 14.79 eS ee 38 

242 phos annie 485 | Dee. 1, 1.44p.m_-.-. 49.3 . 35 16. 25 33.5 | Very toxic.....|.......... 

ee gf inacistamdnihesedaes 49.3 .4 19. 72 38.6 | Lethal____. “ 25. 5 

244... s 515 | Dee. 1, 49.3 5 24. 65 J) ee ert 22 

245... : 475 | Dee. 1, 49.3 . 325 15. 92 33.5 |.....do shat 118 

ee 505 | Dec. 1, 2.3% — a | . 25 12. 32 24.4 | Nontoxic....../....... 

ea 485 Dec. 4, 2.38 p. -| 49.3 35 16, 25 33.5 | Lethal -- 112 

246. ann 505 | Dec. 4, 2.39 p. m-_-_. 49.3 .35 16. 25 > (; = do_. 89 

iii do SERA 49.3 | .375 18. 48 35. 5 |. do- 15 

249..... ao 490 | Dec. 6, 10.31 a. m___- 49.3 3 14.79 30. 2 |.....do. 77 

250... _ 485 | Dec. 6, 10.30 a. m__.- 49.3 3 14.79 Se bowed do. 46 

251 ’ 515 | Dec. 6, 10.29 a. m___-. 49.3 3 14.79 28.7 |- do 41 

252. — 515 | Dee. 6, 10.33 a. m_._- 49.3 3 14.79 S$) “Ss we 

253 mt 480 | Dec, 6, 10.34 a. m...-| 49.3 . 25 12. 32 25.6 | Slightly toxic.|.......... 

TaBLe V.—Effect of dilution on toxicity of lupinine solutions 
Guinea pig Con- 
Date and time of cen- ees , 
injection tra- Dose given Effect 
No. | Weight tion 
Mg. per Mg. per 
Grams 1923 ¢.c. C. ¢. Mg. kg. 

252 “ 515 | Dec. 11, 2.46 p. m___- 15 | 1.0 15 29.1 | Slightly toxic. 

a aI? 480 | Dec. 11, 2.47 p. m__-- 15 | 9 13.5 28. 2 Do. 

254_. ; 505 | Dee. 11, 2.57 p. m_-.--| 15 1.0 15 29.7 Do. 

B 480 Dee. 11, 2.574% p. m_- 15 9 13.5 28. 2 Do. 

515 | Dee. 14, 3.43 p. m.__. 15 1.1 16.5 32 Toxic. 
480 |....- i actatintiane | 15 | 1.0 15 31.2 Do. 
. 505 |" Dec. 14, 3. 54 p. m-_--| 15 1.1 16. 5 32. 6 Do. 
ERE 480 | Dec. 14, 3.55 Peon 15 | 1.0 15 31.2 Do 
TasBLeE VI.—Analysis of data in Table IV 
Guinea ee) dee Se | Guinea eo ;, | Non- | 
pig No. Lethal | Toxic tone pig No. Lethal Toxic rea 
Mg. per Mg. per Mg. per Mg. per Mg. per Mg. per 
kg. kg. kg. kg. kg. kg. 
ie eS ses 246 | gf Se Sree 
| Se {2 eee ee 241 ers 
Sat ° 2 Sa ee 250 30.5 A 
Be, ? 2 eee eee 249 30. 2 ani 
243 - 251, 252 28.7 28.7 
247 247 . " 28.2 
245, 242 | 8 2 253 25.6 |.. 
242 | een 246 + 24.4 
oun . , .. se ws os ‘ 
The highest toxic dose in Table IV is that administered to guinea 





pig No. 242 December 1, which was 33.5 mg. per kilogram. The 
same dose injected into this same animal three } sll later was fatal. 

The figures in Table V show the effect of diluting the solution to 
about 30 per cent of its former strength. The animals given the 
weaker solution survived doses that undoubtedly would have been 
fatal if given in the more concentrated solution. 


No. 1 


ne 
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SPATHULATINE 


The results of the investigation of the toxicity of spathulatine 
are presented in Table VII and analyzed in Table VIII. The figures 
indicate that this new alkaloid is about 70 per cent as toxic as 
lupinine. The toxic dose is practically identical with the lethal 
dose, so that animals poisoned with this substance are very likely to 
die. The m. |. d. was determined as 34 to 36 mg. per kilogram and 
the toxic dose as 34 to 35 mg. per kilogram. 


TaBLE VII.—Tovicity of spathulatine base injected intraperitoneally in guinea pigs 


Guinea pig | 












Con- 
Date and time of cen- att aes eae Time 
injection tra. Dose given Effect sick 
No. Weight tion 
- Mg. per Mg. per 
Grams. 1923 €. € C. ¢. Mg. kg. Minutes 
awe 515 | Mar. 17, 3.15 p. m_-_- 100 1 100 194.1 | Lethal. __-- 15 
226... , 485 | Mar. 17, 3.16 p. m_-_- 100 1.5 150 309. 2 12 
iexeon 485 | Mar. 17, 3.26 p. m-_-_- 100 2 200 412 i) 
os 525 | Mar. 17, 3.32 p. m_-- 100 5 50 95. 23 
229. ...- ° 515 Mar. 17, 3.35 p.m_-- 100 3 30 58. 38 
230. 495 Mar. 17, 3.37 p.m... 100 25 25 50. £ 35 
231. 490 Mar. 19, 2.20 p.m_.. 35 6 17.5 35.7 65 
232... 7 475 , Mar. 19, 2.24 p.m_-_- 35 5 17.5 36. 52 
233... « 485 | Mar. 19, 2.26 p.m_-- 35 6 21 43. ¢ 34 
234... 485 | Mar. 19, 2.53 p.m._-- 35 - 55 19. 25 39. 70 
235- 7 495 | Apr. 10, 1.10 p. m___. 35 o} 3.5 7 ; 
236 ; eet ee meine 35 2 7 14. 
490 | Apr. 10, 1.11 p.m... 35 -2 7 14. 
See 35 3 10. 5 21. ae 
515 Apr. 10, 1.12 p. m_- 35 -4 14 27 “ ‘a 
495 Apr. 11, 11.20 a,m_- 35 5 7.5 35. 3 } 75 
é | E. ETS 35 «5 17.5 34.3 Slightly toxie.|_.. eictes 
| 490 Apr. 11, 11.21 p. m___| 35 .4 14 28.5 | Nontoxic....--|--.. 
| @\...-. PEO LER. 35 4 14 £4 er ee . 
515 Apr. 11, 11.22 a. m_-- 35 .5 | 17.5 34 | Toxic(?).....--|-- Het 
510 Apr. 12, 10.10 a, m_-- 23 - 65 18. 2 35.6 | Slightly toxic__|.........- 
BO | <<<. a 28 .6 16.8 34.3 | Lethal. ....... 45 
495 Apr. 12, 10.11 a. m_--. 28 . 55 15. 4 BE. Sf Pe Rnncccloscoccecce 
OW Saesed a a 28 -65 | 18.2 35.3 | Slightly toxic_.|.---.-.-.- 


Taste VIII.—Analysis of data in Table VII 


| 


Guinea ‘avin | Non- Guinea | : Non- 
pig No. Lethal | Toxic | toxic || pig No. | Lethal | Toxic toxic 
| 
Mg. per | Mg. per | Mg. per Mg. per | Mg. per | Mg. per 
kg. kg. kg. kg. kg. kg. 
227 . See eee ----|| 235,216 35.3 35.3 : 
226 300.2 |....<- > fF 34.3 34.3 ; 
225 St Reka mares 4 See: | 34 a 
228 3 Gh ae eG, ENE “aes 31.3 
229 tg ae sae 237 Fs 28.5 
230 ED  lesscduce 238 |. 28.2 
233 43.3 } 1 as 27 
234 39.7 | eS. See 21.1 
232 36.8 . 236 14.7 
231 35.7 237 14.2 
236 -| 35.6 ~ 235 7 
SPARTEINE 


Sparteine sulphate U.S. P. was administered both intraperitoneally 
and subcutaneously, and the same specimen of the substance was 
used in both series of experiments. The figures obtained by the first 
method are presented in Table IX and analyzed in Tables X and XI. 
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The results with sparteine were somewhat variable, the limits of 
toxicity overlapping those of lethality for a considerable distance. 
Injected intraperitoneally, sparteine is nearly as toxic as d-lupanine 
and slightly more toxic than lupinine. The m. |. d. was determined 
as 23 to 30 mg. per kilogram, and the toxic dose as 21 to 31 mg. per 
kilogram for the free base. Table XI shows the effects from the toxic 
doses. ‘Twenty-one cases were observed, 10 of which exhibited 
marked depression without spasms or muscular tremors and are 
classed as “Slightly toxic; 7 of which developed mild spasms but 
no paralysis and are classed as ‘“‘ Toxic;’”’ and the remaining 4, classed 
as “‘Very toxic,” showed very severe general spasms followed by 
partial paralysis. The case of guinea pig No. 262 is noteworthy; 
on July 18 this animal was made very sick on 41.1 mg. per kilogram, 
while on the following day a larger dose, 44.1, had much less effect. 
The largest very toxic dose, 50.5 mg. per kilogram, is exceeded by 
one toxic dose of 54.6 and two slightly toxic doses of 52.9 and 54.1. 


















TasLe I1X.—Tovicity of sparteine sulphate injected intraperitoneally into guinea 














pigs 
Guinea pig Yon- 
Date and time of cen- fon alii Tac | Time 
injection tre, Dose given Effect | ‘sick 
No. | Weight tion | 
2, Mg. per J 
Grams. 1924 e¢e | Ge. Mg. k 
520 July 18, 2.11 p. m-.. 60 | 0.5 30 
520 | July 18, 2.12 p. m..- 60| .4 a 
520 July 18, 2.13 p. m-.. 60 25 15 
485 July 18, 2.14 p. m--. 60 m 12 | 
480 | July 18, 2.45 p. m-_-- 60| .3 18 | 
500 | July 18, 2.47 p. m--- 60! .35 21 
510 | July 18, 2.48 p. m-_-- 60| .35 21 | 41.1] Very tox | 
520 | July 19, 10.13 a. m_- 50} .4 20 38.4 | Slightly toxic_./-__- 
485 | July 19, 10.14 p. m_- 50; .4 20 41.2 | Very slightly 
| | toxic. 
| 480 | July 19, 10.15 p. m-.- 50| .4 20 
d a 50} .45 | 225 
50; .45 22.5 
485 | July 21, 1.42 p. m-.. 50 45 22.5 
480 | July 21, 1.43 p.m... 50 45 22.5 
510 | July 21, 1.44 p.m... 50 5 25 
520 | July 21, 1.46 p.m... 50; .5 25 48 , i ee ees 
515 | July 21, 1.47 p. m.. 50 45 22. 5 | 43.6 
485 | July 21, 1.48 p. m.-- 50 4 20 41.2 
500 | July 21, 1.49 p. m-_.- 50 45 22.5 45 
520 | July 22, 10.00 a. m-.. 50 5 25 48 
485 | July 22, 10.06 a. m.. 50 5 25 49.4 
480 | July 22, 10.07 a. m. 50 475 | 23.75 49.4 
520 | July 22, 10.08 a. m 50 25 | 48 
SED heonadl PR 50 5 25 | 48.5 
485 | July 22, 10.09 a. m.- 50 5 25 | 49.4 
500 |....- ie natieeininsons 50| .5 2 | 50 
520 | July 22, 2.08 p. m_.. 50 55 27.5 | 529 ] 

GSS El 520 | July 22, 2.10 p.m... 50 . 55 27.5 52.9 | Slightly toxic__|.........- 
A 610 | July 22, 2.11 p. m-.- 50 - 525 26. 25 51.4 | Fa 64 
SEE 520 | July 22, 2.12 p.m... 50; .5256 | 26.25 SD | Wel CRs cnclecassecccs 

ee eeieieate 480 | July 23, 2.42 p.m... 60 | .525| 26.25 1) = See 
Sicnmmairese 520 | July 23, 2.43 p. m-_.. 50; .575 | 28.75 55.3 | Lethal. ....... 59 
<A 485 | July 23, 2.44 p.m... 50} .525 |) 26.25 54.1 | Slightly toxic..).......... 
Sees 500 | July 23, 2.43 p.m... 50 - 55 27.5 55 ” 59 
il na niniginsting 480 | July 24, 9.55 a. m-_.. 50 55 27.5 a ae | SSE 34 
a 485 | July 24, 9.56 a. m_.. 50| .55 27.5 _\ g see A: | 36 
EN 520 | July 24, 9.57 a.m... 50 -6 30 | A, | eer | 39 
ee 520 | July 24, 9.58 a.m... 50; .6 30  § 4 ee inintémmen 36 











¢ Found dead next morning, 
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Taste X.—Analysis of data in Table IX 


‘ . Non- | Equiv- 
Co pig | Lethal) oxic dose| toxic | alent as 
0. dose | alkaloid 


Mg. Mo. Mg. 
per kg. | Mg. per kg.| per kg. | per kg. 
7 31. 93 | 








266 

259, 260, 265 49.4 
262 49 
264 RS: Fe 26. 96 


50 
6.44.4 1........ 27. 4 





TaBLE XI.—Tozic effects of sparteine sulphate. 


| 
Guinea pig | Le 


| | | 
| Non- | Equiv- 
| Lethal | Toxic dose | toxic | alent as 
| ose dose alkaloid 


No. 


| 
| Mg. | Mg. Mg. 
per kg. | Mg. per kg.| per kg. | per kg. 

258, 263, 263 48 48, 48 segs Ma 
260 | 46.8 











(Analysis of data in Table IX) 

















Very | Very ane 
toxic. | m,..:., Slightly toxic. —— Slightly 
General — toxic. No General — toxic. = 
juinea pig N spasms| .)... | spasms; only ~~ spasms| | spasms; only 
Guinea pig No. and spasms symptom Guinea pigfNo. and epenmas symptom 
mild sc lwaie) Was depres- mile  olwaie| Was depres- 
paraly- |Paralysis sion paraly- paralysis sion 
sis | sis 
Mg. | Mg. Mg. Mg. 
per kg.\| per kg. | Mg. per kg. per kg.| per kg. | Mg. per kg. 
A APE es OT Rees FR mere ES Oe becscneene 
LTRS CELE: eect BE Ry enececndccuenchepniienbnenbagesd 43.6 
sitin tease eee 52.9 IRAE eect: er 43. 2 
ae eee Oe Ge Tiadedécosduee 
as avveusciammen  ) SS eee 41.2 41.2 
cclitenmons j.-.-----.| 49.4, 49.4 aa GE Lcccnc coslescceescccese 
48 | 48 a eee 258... oe = 38. 4 
| + NG ahaa (SRE CRS) TPE Keto 37.5 
si lesciistasicie 46.4 
| ee oe: Average. ..---- 47.4| 45.9 | 41.61 
| ~ — 
Taste XII.—Effect of repeated doses of sparteine sulphate 
Guinea pig No.— 
Date —— — -_—— 
258 259 260 262 | 263 265 266 








Mg. per kg.| Mg. per kg.| Mg. per kg.| Mg. per kg.| Mg. per kg.| Mg. per kg. 
24.7 37.5 41.1 





The last dose given each animal was fatal. All other doses were followed by symptoms of poisoning 
except the doses of 28.8 and 24.7 mg. per kilogram given guinea pigs Nos. 258 and 259 on July 18. 


Table XII contains data that refer to the establishment of tolerance 
and to cumulative effect of repeated injections of sparteine sulphate. 
The cases cited are selected from the experiments already listed in 


Table IX, and include seven animals that received three or more 
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doses. All of these animals died from the effects of the final in- 
jection, and the range of lethal doses (48 to 57 mg. per kilogram) 
indicates that the previous treatment had rendered the animals 
neither sensitive nor resistant. This evidence agrees with the con- 
clusions of Dorlencourt (8) that no tolerance to the action of sparteine 
is established by repeated doses. 


SPARTEINE SUBCUTANEOUSLY 


The effects following the subcutaneous injection of solution of 
sparteine sulphate are shown by the figures in Table XIII. These 
data are analyzed in Table XIV. The same variability noticed in 


the intraperitoneal series is evident in this set of experiments. There 
is a considerable overlapping of toxic and lethal dose range. The 


lower toxicity of sparteine when administered in this way is at once 
apparent; the m. |. d. of the sulphate by subcutaneous injection lies 
between 92 and 95 mg. per kilogram as against 42 to 55 when it is 
administered intraperitoneally, or nearly 2 to 1. The m. |. d. for 
the free alkaloid was determined by subcutaneous injection as 51 to 
53 mg. per kilogram. 

XIII. 


TABLE Toxicity of sparteine sulphate U. 


S. P. to guinea pigs, injected 
subcutaneously 

















Guinea pig Con- | 
Date and time of cen- a a —o Time 
| injection tra- Dose given Effects sick 
No. Weight tion 
Mg. per Mg. per 
Grams. 1921 c.¢. C.c. Mg. kg. | Minutes 
146 500 | Feb. 11 : 60 0.4 24 48 en, SD 
147. 500 - See a 60 5 30 60 EES I 
148 505 , ae aba 60, .6 36 71.2 | Slightly toxic--. ' 
149. 480 .do 60 .8 48 100 Lethal. __- 109 
146. 500 | Feb. 14.___-- ‘ 60 | .66 40 ie ee es czs 64 
147. SP bisesd ee joint 60 75 45 i,  SR eee 
148 505 |..-.. | aa ait ° 60 .8 48 8 f Se “SOR Sa 
151. 490 | Feb. 15, 10.26 a. m_ 60 8 48 97.9 | Lethal__._. 52.5 
152 515 | Feb. 15, 10.27 a. m. 60 -8 48 93.4 |.....do 43 
150. 495 | Feb. 15, 10.26 a. m_. 60 75 45 90.9 . RS NEE ea 
153 480 | Feb. 15, 10.25 a. m_. 60 oF 42 Sg ee Se ere 
153. 480 | Feb. 17, 10.22 a. m_- 60. . 76 45.6 | 95 | Lethal. 84 
154 480 |..--. a 60 .75 45 = ’ “ea 47 
150 495 | Feb. 17, 10.21 a. m__. 60 .775 46.5 | 94 aS eee = 
148 | i eatemondeannd 60 -775 46.5 mis do . 
150 495 | Feb. 21, 11.35 a. m__. 60 -75 45 90. 9 y Ee: Se 
148_. SS |.....@..... Pita eaese 60 .75 45 89.1 ee 
150 495 | Feb. 25, 2.40 p. m_... 60 .75 45 90.9 ee 
148_. a eee Pee 60) .75 45 es b.-.0hw... 
TaBLe XIV.—Analysis of data in Table XIII 
Si | 
rn Equiv- | : @ Equiv- 
Guinea | Lethal | Toxic | 5U>- | alent || Guinea yetnal | Toxic | SU | ‘alent 
pig No. toxic sikaloid || PIs No. toxic | sikaloid 
| 
Mg. per | Mg. per Mg. per Mg. per Mg. per | Mg. per | Mg. per| Mg. per 
kg. kg. kg. kg. kg. kg. kg. kg. 
149 100 BESIED eee? 55.33 | a ae 90 50.3 
151 97.9 alien sctditd 54.17 | _ a PN 89. 1 49.8 
. | ae 95. 04 52.6 | 148 a me 49.3 
153 95 ae 52.56 | 153 news 87.5 48. 41 
154, 150 94 wt 52.01 { 146 ee, ee nas 44.2 
152 93.4 92 51. 68 148 abel TE. Tnlecusiat 39.4 
148 oe | a 50.9 i Pee Sete 60 33.2 
eS eS ty ee 50.3 146 ~ Sweoeeel 48 26. 6 
| | 








* Very slight. 
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HYDROXYLUPANINE 


The dihydrochloride of hydroxylupanine was injected intraperi- 
toneally in one series of experiments, and subcutaneously in another 
series. The results of the first series are presented in Table XV, 
and the data are analyzed in Table XVI. These figures show the 
comparatively low toxicity of this alkaloid. It is only about 10 
per cent as toxic as d-lupanine, and very large doses (125 to 133 mg. 
per kilogram) produced no apparent effect in the experimental 
animals. The m. 1. d. of the ie alkaloid was determined as 228 
and the toxic dose as 114 to 228 mg. per kilogram for intraperitoneal 
injection. 


TaBLeE XV.—Tozicity of hydroxylupanine hydrochloride to guinea pigs, injected 
intraperitoneally 








| 
Guinea pig | Con- 
____| Date and time of cen- i 2 fac: Time 
injection tra- Dose given Effects | ‘ghek 
No. Weight tion | 
Mg. per Mg. per | 
Grams. 1923 6. €. C. ¢. Mg. kg. | Minutes 
480 | Mar. 1, 10.33 a. m 40 1.0 40 83.3 | Nontoxic PETES EI 
480 | Mar. 1, 10.36 a. m_. 40 5 20, 41.6 )-.. ..do. ot 
480 | Mar. 2, 9.33 a. m_-- 40 1.5 60 125 a TE J 
480 | Mar. 2, 9.34 a. m_-. 40 1. 25 50) «104 a See 
515 | Mar. 2, 1.29 p. m_. 40 2 80 §©155.3 | Slightly toxic. 
480 | Mar. 2, 1.31 p. m 40 1.75 70 145.8 _do- 
515 | Mar. 2, 1.33 a. m-- 40 1.4 6 133 } Nontoxic 
490 | Mar. 2, 2.38 a. m- 100 1 100 | 204 Slightly toxic_|_ 
485 | Mar. 2, 2.39 p. m. 100 | 1.25 125 | 256 | Very toxic ; 
515 | Mar. 2, 2.41 p. m 100 1.5 150 | 201 | Lethal_...--. (*) 
500 | Mar. 2, 2.43 p. m. 100 1.75 175 350 Ae ES 18 
515 | Mar. 3, 9.56 a. m 100 1.3 130 252 Slightly toxic 
480 | Mar. 3, 9.55 a. m- 100; 1.4 140 292 Very toxic 
515 | Mar. 3, 9.54 a. m_-_- 100 1.5 150 | 292 ....d0 
480 | Mar. 3, 11.01 a. m__- 200 5 100 | 208 Toxic 
480 | Mar. 3, 11.04a. m._. 200 -6 120 | 250 do 
480 | Mar. 3, 11.05a. m_. 200 a 140 292 Lethal 


* Died March 4. 
TaBLeE XVI.—Analysis of data in Table XV 


hae | 7 Equiva- act : Equiva- 
Guinea | Lethal Toxic Non- en Guinea | Lethal Toxic Non- 2 
pig No. | | toxic alkaloid| Pié No. toxic | sikaloid 
- —| | - 
| Mg. per| Mg.per | Mg. per| Mg. per MQ. per Mg. per Mg. per | Mg. per 
, a. oo ko. , | hy. kg. kg. kg. kg. kg. | 
222 350 aa a awe 274.3 219 fopdpaiai a eee 159. 9 
214 292 aimee iil a 216 Sticdrain De Sscondewees 121.7 
217, 218 eae 292, 292 | wratinsts 228. 9 217 ———- 145.8 ieeaianes 114.3 
|6—ClUuhVC eS eee Duiimacd Tt 218 Se eee a 133 104. 2 
el ee . 200.6 214 idbhginidbntheotbent -| 125 97.9 
at Sséuaces 77 ae 197.5 215 mA wudeuudéduaite 104 81.5 
i, See. 250 sem 196 214 ee ne ae 83.3 65.3 


223 en 208 See i oa wwenguahaaet 41.6 32.3 








The data obtained in the subcutaneous series are summarized in 
Table XVII and analyzed in Table XVIII. The m. 1. d. in this 
series is almost exactly twice that in the first series and further 
demonstrates the very slight toxicity of this alkaloid. The m. 1. d. 
of the free alkaloid was determined as 456 and the toxic dose as 
376 mg. per kilogram. The great difference in toxicity between 
d-lupanine and hydroxylupanine is very interesting, since the latter 

78468—26}——_5 
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is the monohydroxy derivative of the former and may be converted 
into it by reduction (Schmidt and Beckel (3)). 


TaBLe XVII.—Tozicity of hydroxylupanine hydrochloride to guinea pigs, injected 
subcutaneously 





Guinea pig Con- 
Date and time of cen- Dose give foc Time 
injection tra- — Effect sick 
No. Weight tion 
Mg. per Mg. per 
Grams. | 1921 c.c. | C.c. | Mg. | kg. 
133 520 | Jan. 21, 10.52 a. m__ 500 0.5 250} 480.8 | Toxic____-| 
134 515 | Jan. 21, 10.49 a. m_ 500 4 200 | 388.4 | Nontoxic_. 
135 525 | Jan. 21, 10.48 a. m_ 500 2 100 | 190.5 |__...do.- 
136 515 | Jan. 21, 10.46 a. m 50; 1 50} 97.1 |___.. a... 
137 505 Jan. 21, 10 44a. m 50 | 6 30 ae 
138 520 | Jan. 21, 10.42 a. m 50 -2 10 cj ia 
139 490 | Jan. 21, 2.43 p. m___- 500} 1.5 750 |1, 530.1 | Lethal__--| 85 minutes. 
140 530 | Jan. 21, 2.42 p. m- 500 1 500 | 943.4 |___..do___-| 17 hours 
136 515 | Jan. 25, 11.01 a. m_- -| 500 * 350 673. 1 do_.._| 77 minutes 
137 ae 505 | Jan. 25, 11.00 a. m_- 500 .8 400 | 747.7 do... 80 minutes. 
138 | 520} Jan. 25, 11.01 a. m_ 500; «6 300 | 588.2 do... -| 224 hours. 
141 : | 500 | Feb. 9, 10.19 a. m_- 500 6 300 | 600 |____.do____| 5 minutes. 
142 ‘ 515 | Feb. 9, 10.20 a. m_-- 500 . 58 290 | 563.1 | Toxic___ 
143_ 520 | Feb. 9, 10.22 a. m 500 | - 55 275 | 528.8 |... do-- 
144_ 515 | Feb. 9, 10.21 a. m_ 500 | . 52 260 | 504.8 |____- a 
145 515 | Feb. 9, 10.26 a. m 500 | .6 300 | 582.5 Lethal____| 114 minutes. 
Taste XVIII.—Analysis of data in Table XVII 
Guinea ; Equiva- || Guinea Ton. | _Equiva- 
pig Lethal Toxic a lent alka- || pig Lethal Toxic —_ nee alka- 
No. : oid 


| loid | No. 

| 

| | 2 
| 


Mg. per Mg. per| Mg. per| Mg. per Mg. per | Mg. per| Mg. per Mg. per 
, Ss + - kg. | kg. kg. kg. 


kg kg. 
139 1, 530. 1 . is 1, 199 = ae wool Sane otis 414.4 
140 943. 4 =e -| 739 144...|- ee 504. 8 Soi 395. 7 
137 747.7 585. 5 133 ‘ ---| 480.8 : : 376. 8 
136 673. 1 527.6 _ Se eee 388. 4 304. 4 
141 600 | 470.3 || 135. 190. 5 149. 3 
138 588. 2 | 461 | 136. 97.1 76.1 
145 582.5 |. a & 456.6 || 137 58 45.4 
ee ee 563. 1 | Sehfaen 441.4 || 138 Ry OF Sas 19. 2 15 
| 
SUMMARY 


Authentic specimens of d-lupanine, lupinine, sparteine, spathula- 
tine, and hydroxylupanine were prepared and the toxicity of each 
was determined by observing the effects of different doses admin- 
istered intraperitoneally to guinea pigs of standard weight. 

The most toxic of the lupine alkaloids is d-lupanine. Sparteine is 
slightly less toxic, lupinine is still less toxic, and spathulatine is fourth 
in the order of toxicity. Hydroxylupanine is but one-tenth as toxic 
as d-lupanine, and the least toxic of the five tested. 

The toxicity of sparteine and hydroxylupanine was also deter- 
mined by subcutaneous injection in guinea pigs, and the results of 
these experiments are reported. It was found thot the minimal lethal 
dose by subcutaneous injection is nearly twice that by intraperitoneal 
administration. 

The symptoms exhibited by guinea pigs poisoned by these alkaloids 
are very similar for d-lupanine, lupinine, spathulatine, and hydroxy 
lupanine. The animals poisoned by sparteine exhibited muscular 
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tremors and spasms which were not regularly shown by those poisoned 
with the four other alkaloids, the effects of which were purely depres- 
sant and paralyzant. 


~I 


(10) 


(11) 


— 
to 


(13) 


(14) 
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(16) 


(17) 
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LIFE HISTORY OF USTILAGO STRIAEFORMIS (WESTD.) 
NIESSL WHICH CAUSES A LEAF SMUT IN TIMOTHY’ 


By W. H. Davis 
Assistant Professor of Botany, Massachusetts Agricultural College 


INTRODUCTION 


Considerable uncertainty has existed regarding some phases in 
the life history of Ustilago striaeformis which causes a er, smut 
in timothy (Phleum pratense L.). Clinton (1)? believed that infec- 
tion occurs in the seedling, since perennial mycelium can be detected 
in the bulblike bases of timothy culms. Osner (6) decided that 
infection occurs in the floral parts, but stated that some of his results 
were “inconclusive” because the smut spores which he employed in 
his inoculation failed to germinate satisfactorily. Davis (3) showed 
that the smut spores from timothy pass through an afterripening 
yeriod of approximately 250 days before they are germinable. The 
iollowinn major problems in the life history of this smut have 
remained unsolved: 

(1) Do the germ tubes (promycelia and lateral sporidia) from the 
smut spores penetrate the meristematic tissues in the leaves and 
stems, in the floral parts, or in the seedlings ? 

(2) Can infected seed be formed by smut mycelium advancing 
from infected culms into the floral parts? 


INOCULATIONS 


INOCULATIONS OF GROWING PLANTS 


To determine whether infection occurs in the tissues of growing 
timothy plants, inocula consisting of germinated and ungerminated 
smut spores from timothy were placed on the leaves and stems of 
primary timothy plants and their stools during the different stages 
of their development. However, before inoculating, the plant 
surfaces were sterilized with a 1:1,000 mercuric bichloride solution, 
then washed with three changes of sterile water, and prepared as 
follows: Punctured and unpunctured; scratched with sandpaper; 
mashed; leaves in the buds unrolled, to expose surfaces at the grow- 
ing points of the culm. Cohn’s, Laurent’s, and Pasteur’s solutions 
were added to the inocula. 

A total of 102 inoculations were performed under controlled 
greenhouse conditions, and the plants were under constant observa- 
tion for eight months. During this time all the plants had been free 
from smut symptoms, showing that the germ tubes from the smut 
spores as a rule do not penetrate and infect the meristematic tissues 
of growing timothy plants. 


1 Received for publication July 14, 1925; issued January, 1926. Approved for publication by the Director 
of the Massachusetts Agricultural Experiment Station. 
2 Reference is made by number (italics) to “ Literature cited,’’ p. 76. 
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INFECTION OF OVARIES BY SMUT MYCELIUM ADVANCING FROM THE CULM 


Davis (3, Pl. XIV, 2, 4) has shown that mycelium from an infected 
timothy culm may penetrate the rachillae and enter the ovaries. 
To determine whether these ovaries when mature (caryopses or 
seeds) contain mycelium of the smut organism, 50 timothy plants 
with heads (spikelike panicles) which showed typical symptoms of 
the disease were tied to stakes, and, when the plants had matured, 
400 seeds were threshed from 10 of the most promising diseased 
heads and labeled as sample A; 1,400 seeds were collected from 10 
healthy timothy plants in this same field and labeled as sample B. 
Samples A and i were stored under laboratory conditions for 184 
days. This period of storage afforded a means of external seed 
sterilization, for it has been shown that the storage of smutted 
timothy parts in the dry atmosphere of a laboratory for 140 days is 
sufficient to render nonviable any spores of this smut which might 
be associated with the seeds. During the following summer sample 
A was divided into two lots of 200 seeds each. The seeds in one fot 
were sown in sterilized soil under controlled greenhouse conditions. 
The seeds in sample B were likewise divided into two lots of 700 
each and sown under the same conditions as described for sample A. 
The plants cultured from all of these seeds were cultivated and 
under constant observation until many of them bore matured seed. 

One of the 208 plants cultured from seeds in sample A showed 
smut infection, but this was in one of the uncontrolled plats. All of 
the 1,083 plants cultured from the seeds in sample B were apparently 
uninfected by the smut. Three other contemporary trials with 
fewer seeds from diseased culms produced pon healthy plants. 
The smut mycelium could not be detected in prepared, stained, 
microtome sections of seeds from sample A. 

From these experiments it was concluded that seeds borne on 
infected culms do not commonly produce infected plants, and that 
the smut mycelium advancing from infected culms into ovaries does 
not, as a rule, form infected seed. 


FLORAL INOCULATIONS 


It is quite generally believed by pathologists that the germ tubes 
from the germinating spores of Ustilago striaeformis penetrate the 
ovaries of timothy and produce “floral infection.”’ No determine 
the validity of this statement, inocula consisting of germinated and 
ungerminated afterripened smut spores were atomized on the floral 
»arts of timothy. The smut spores in the inocula were collected 
stn timothy (Phleum pratense L.), redtop (Agrostis palustris Huds.), 
orchard grass (Dactylis glomerata L.), and June grass (Poa pratensis 
L.). The inoculated floral parts were then confined in oiled sacks 
containing damp cotton. Both reciprocal inoculations and inocula- 
tions within the host species were performed under the following 
conditions: At different hours of the day; daily, previous to the 
opening of the floral parts until the ovary had passed the “milk”’ 
stage; during the summer and the fall; in wet and in dry weather; 
with germinated and ungerminated spores; Cohn’s, Laurent’s, and 
Pasteur’s solutions added to the inocula; bagged for different periods; 
unbagged; under greenhouse and under field conditions. During a 











ed 








Jan. 1, 1926 Life Iistory of Ustilago striaeformis 71 
period of four years, more than 300 inoculations were made under 
the varying atmospheric conditions of the different seasons. 

The mature seeds from these inoculated plants and their checks 
were collected and stored in labeled packets. Seeds from these 
packets were planted during different weather conditions in spring, 
summer, and autumn from 1921 to 1925. These plantings produced 
more than 20,000 plants, which were under constant observation for 
two years to detect any symptoms of the disease which might appear 
during the second year. 

All except two of these plants were free from the symptoms of 
this smut. These two plants were in an outdoor plat which had been 
sowed with seeds from the inoculated plants under uncontrolled 
conditions. Stained microtome sections of timothy seeds which 
had developed from inoculated floral parts were prepared, but the 
characteristic mycelium of this smut was not detected in them. 

The writer has sown many other outdoor plats with timothy seed 
from various commercial sources, and has observed only three 
smutted plants therein. This would tend to show that the fungus 
is seldom if ever ‘‘seed borne.” 

From these data collected during five years’ experimentation with 
this smut organism and its host, it was decided that floral infection 
seldom if ever occurs and the organism is not seed borne in timothy. 


SEEDLING INOCULATION 


Although Clinton (/, p. 348) thought that infection of timothy 
takes place in the Raa? tn Osner (6) believed he had sufficient 
evidence to show that infection occurs in the floral parts and that 
the smut organism is seed borne. Davis (4) reported a preliminary 
experiment in which smut infection was obtained by inoculating 
timothy seedlings with smut spores from timothy. 

Several investigators who have performed inoculations with other 
smut fungi have contributed valuable information regarding certain 
relations existing between the host and parasite. Jensen (5) has 
shown that a greater number of hulled oats was affected by germinat- 
ing smut spores from oats than the unhulled. Tisdale (8) has lately 

roved that more smutted plants develop from inoculated hulled 
Sosles seeds than from the unhulled. Sartoris (7) found that the 
germ tubes of Tilletia tritici (Bjerk.) Winter penetrate among the 
cells of the coleoptiles during the first three or ber days after plant- 
ing, and that infection diminishes rapidly after the sixth day. 


EXPERIMENTS 


With these facts at hand, experiments were undertaken to solve 
the following minor problems: 

(1) Is seedling infection of common occurrence in timothy? 

(2) At what stage in its growth is the timothy seedling most sus- 
ceptible to infection? 

(3) Will hulling the timothy seeds increase the number of infected 
plants ? 

(4) How much moisture is necessary, and at what temperature is 
the greatest percentage of infected timothy plants obtained ? 

(5) How long after inoculation before the symptoms appear in 
timothy ? 
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(6) At what point in the timothy seedling do the germ tubes from 
the smut spores penetrate ? 

(7) Under suitable conditions, will germinating timothy seeds be- 
come infected by smut spores, from timothy, which have after- 
ripened in the soil ? 

The commercial timothy seed employed in these inoculations was 
first sterilized by placing 30-gram samples in cheesecloth sacks and 
submerging them for three minutes in a 1 : 1,000 mercuric-bichloride 
solution. The sacks of seeds were then rinsed in three changes of 
sterile filtered water. Ninety per cent of the seeds germinated. 

These sterilized seeds were then germinated on wet filter paper 
which had been sterilized in Petri dishes. When the coleoptiles had 
reached the desired length, the attached glumes were removed (hulled) 
under aseptic conditions, while the seeds in the checks retained their 
glumes (unhulled). The seedlings were inoculated by spreading over 
their surfaces an inoculum consisting of a water suspension of ger- 
minated and ungerminated afterripened smut spores from timothy. 
These inoculated seedlings were then covered with sterile tap water in 
sterilized Petri dishes and incubated 2, 4, 6, and 8 days, respectively, 
at a temperature averaging 20° C. Some of the seedlings were cov- 
ered with sterilized and with unsterilized soil which was kept in a 
state of saturation during the period of incubation. These condi- 
tions of moisture and temperature were necessary to fulfill the 
requisites for germination of the smut spores. After the inoculated 
seedlings were incubated as indicated, and the coleoptiles were 2 to 
30 millimeters long, they were transplanted in garden flats filled with 
greenhouse soil and cultured at 20°. 

The smut spores employed in the inoculations of the first series 
were removed from smutted timothy leaves which had been stored in 
a damp chamber, under laboratory conditions, for 230 days. In the 
first test 98 per cent of the smut spores germinated, but 4 weeks 
later only 40 per cent germinated. In the fourth series of inocula- 
tions the smut spores employed were removed from old timothy 
leaves which had been stored for 118 days, beginning November 5, 
1924; germination, 98 per cent. Table I shows the results of these 
inoculation experiments. 





TABLE I.—Results of inoculations of timothy seedlings with smut spores of Ustilago 
striaeformis removed from timothy 


| 
Inocu-| Length | Seedlings | Percent- 













lation | of cole- inocu- Treatment of seedlings pd ~4 age of 
No. optiles lated cubated | infection 
Mm. | 

1 1 150 | Hulled ¢_. ; . saa 2-8 | 31.0 

2 1 150 Unhulled 2-8 | 7.0 

3 2-3 150 | Hulled_-__- 2-8 | 30.0 

4 2-3 150 | Unhulled- 2-8 | 3.0 

5 4-5 150 | Hulled_-__- 2-8 | 20. 0 

6 4-5 150 | Unhulled- 2-8 | 2-7 

7 6-10 25 | Hulled ¢_. ‘ 3 30.0 

s 16-30 50 | Unhulled Atnhipatintimcbiis ibs adil icheaiead F 46 0.0 

9 16-30 eT ined dietinatn suahbnoaadaacdsdussoumn we. 4-6 0.0 

10 4 =a “ee a ee oe 6 26. 0 

ll 4 50 | Hulled and covered with soil__- peasesnnennnsennanal 6 27.0 
12 |....--....|..---.----| Uninoculated checks for inoculations 1 to 9____-- evcdbeantaswes 0.0 


* Hulled. The hulls (glumes) were removed from the seeds (caryopses). In the early stages of germi- 
nation the hulls covered most of the coleoptiles. 
* Unhulled. The hulls remained in their natural position on the seeds. 
¢ Coleoptiles of these lengths were generally free from the hulls. 
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Referring to the data in Table I, the following points may be 
noted: 

(1) Seedling infection is of common occurrence. 

(2) The seedlings were most susceptible to infection when the 
coleoptiles were 1 to 10 millimeters in length. No infection was 
obtained by inoculating coleoptiles 16 or more millimeters in length. 

(3) Hulling seedlings which had coleoptiles 1 to 10 millimeters in 
length increased the number of infected plants. 

(4) Four to six days was the period most favorable for incubating 
the inoculated seedlings; that is, most of the infection occurred dur- 
ing the fourth, fifth, and sixth days, and very little if any occurred 
during. the first two days following inoculation. 

(5) The greatest number of infected plants listed in Table I was 
in inoculation No. 7. Sixty per cent of the plants were infected on 
the thirteenth week following inoculation. (The data in Table I 
were compiled eight weeks and two days after the plants were inoc- 
ulated.) 

(6) Incubating inoculated seedlings in soil saturated with water 
did not materially alter the percentages of infected plants. 

The percentages of infected plants reported in Table I are doubt- 
less too low, as subsequent observations have shown that smutted 
leaves may appear on stools developing from inoculated plants which 
had been previously listed as uninfected. Symptoms of the smut 
first appeared 35 days after inoculation, and the number of diseased 
plants observed increased until the ninetieth day, after which few 
additional smutted plants were detected. Field observations have 
also shown that symptoms of this smut may not appear until the 
timothy plants have blossomed. However, the percentages of in- 
fected plants reported are sufficient to show that seedling infection 
normally occurs. 

There is a possibility that infection is more closely associated 
with the effects of different temperatures on host and parasite and 
that a temperature other than 20° C. is more favorable to infection. 
A series of constant-temperature chambers was not available for 
testing the relations between temperature and infection. 

Repeated tests have shown that the smut spores from timothy 
will not germinate unless covered with water, so this condition must 
prevail in the inoculations to assure spore germination, which must 
precede infection. 

To determine the point at which the germ tubes from the smut 
spores enter the host, samples of hulled timothy seedlings which 
were prepared as previously described for the seedling inoculations 
were inoculated daily from the time the coleoptiles appeared until 
they were 8 millimeters long. Two methods were employed for 
treating these inoculated materials for microscopic examination, 
namely, using the Pianeze stain as described by Vaughan (10), and 
the glycerin method as employed by Tisdale (9, p. 276). The latter 
method gave the better results. 

Microscopic examination of the preparations showed that the 
germ tubes penetrated the cells of the coleoptiles either directly 
through the cell walls or between the cells. No penetration was 
observed in the first green leaves of the seedling. However, three 
germ tubes appeared to penetrate the scutellum at a point between 
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the coleoptile and the coleorhiza. Most penetrations of the coleop- 
tiles by the germ tubes were of the types figured by Tisdale (9, Pl. 9, 
a, ¢, h, i, 0). This cytological evidence, together with the seedling 
inoculation experiments, ened that seedling infection commonly 
occurs by the germ tubes penetrating the coleoptiles. 

A method of infection which is comparable to field conditions 
was employed, infected soil being used. Chopped, sterilized, and 
unsterilized green smutted timothy leaves were stored separately 
in 48 sealed test tubes filled with wet sterilized and unsterilized gar- 
den soil. The materials in sample A remained stored under labora- 
tory conditions for 610 days; in sample B, 118 days; and in sample C, 
230 days. At the close of these periods, each sample was tested 
for spore germination. Spores in sample A failed to germinate; 
in sample B, 50 per cent germinated; in sample C, 30 per cent. In 
each sample of these soils sterilized, timothy seeds were incubated 
under conditions suitable for spore germination and seedling in- 
fection. After 9 days of incubation, the coleoptiles averaged 
3 centimeters in length, and the seedlings were transplanted to 
flats containing garden soil. The results of these experiments are 
shown in Table II. 


TaBLeE II.—Conditions for the inoculations, and percentage of timothy seedlings 
infected by germinating spores of Ustilago striaeformis which had been after- 
ripened in soil and in damp chambers 


In- 


ocula-| .,20e4 - ‘ | Percent- 
tion lings in- lreatment of seedlings age of in- 
No oculated fection 

l 25 | In soil containing smut spores from redtop; stored 610 days. ae 0 
2 25 | In soil containing smut spores from timothy; stored 610 days--._.___._- , 0 

3 25 | In soil containing smut spores from timothy; stored 118 days beginning 
Nov. 5, 1924___ oF SS A nities = J aoe et Ae 72 

4 25 | In greenhouse soil; seedlings inoculated with afte: ripened smut spores from 
timothy. __- a eens . . ad Mu 60 

5 25 | In soil containing smut spores from timothy stored for 230 days, beginning 
June 9, 1924... _- ye rae ‘ “— ninaoed ‘ 34 
6 Check to Nos. 3 and 4, uninoculated - . - -_- ves 0 


Table IL shows that smut spores from timothy may remain viable 
in the soil for 230 days, and then germinate and infect young timothy 
seedlings when they are subjected to the proper conditions. How- 
ever, the spores did not remain viable after they had been stored in 
damp soil for 610 days, as shown by the inoculation experiments 
and spore germination tests. The best infection was obtained by 
incubating the seedlings in soil which contained germinable spores 
(inoculation No. 3, Table II). To a certain degree these inocula- 
tions point out the field conditions under which the infection of 
timothy seedlings occurs; that is, during the fall, winter, and spring 
the smut spores from timothy pass through an afterripening period 
in the soil, and, when subjected to the proper environmental condi- 
tions, germinate and infect the timothy seedlings with which they are 
in contact, 
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LIFE HISTORY 


The life history of Ustilago striaeformis causing the leaf smut in 
timothy may be briefly stated. 

In this latitude the fungus overwinters in two forms—as perennial 
mycelium in the bulblike bases of timothy plants and as spores in 
the soil or in decaying smutted timothy plants. 

In the spring the perennial mycelium advances upward from the 
bulblike bases between the cells located in the ground meristem and 
protoderm. From these tissues the smut mycelium may invade each 
new leaf and floral part soon after or during its formation, thus 
producing a systemic disease. Forthermore, the perennial mycelium 
may advance from the bulblike bases into each of its stools and like- 
wise produce systemic infection. Leaves, stems, and floral parts 
thus infected soon bear dark striae, spore masses which are covered 
by the epidermis or other tissues of the host lying directly above 
or below. The epidermis of the host is generally broken by the 
force of the wind bending and whipping the plant, and the spores 
are thereby disseminated. The smut spores which lodge in the soil 
pass through an afterripening period averaging 265 days. After- 
ripened, viable smut spores from timothy germinate when submerged 


in water averaging 12° to 30° C., or an 7 aagr> of 25°. The period 
of germinability averages 72 days, and the viability 341 days. The 


smut spores from timothy did not remain viable in soil for two years. 

Three to six days after inoculation the germ tubes from the germi- 
nated smut spores penetrate the cell walls in the coleoptiles of tim- 
othy seedlings, and the symptoms appear 5 to 13 weeks later, or 
may even be delayed until the infected plant blossoms. Infected 
seedlings may retain perennial mycelium in the bulblike bases or 
produce spores in the leaves, thus completing the life cycle. 


SUMMARY 


The germ tubes of the germinated smut spores from timothy did 
not penetrate the meristematic tissues in leaves, stems, and floral 
parts of timothy. 

Infected seed is seldom, if ever, formed by the smut mycelium 
advancing from infected culms into the floral parts. 

The inoculations and cytological evidence showed that seedling 
infection commonly occurs. 

In the soil the smut spores from timothy pass through an after- 
ripening period of approximately 250 days, and, when surrounded 
by the proper*® environmental conditions, germinate and _ infect 
timothy seedlings which have coleoptiles 1 centimeter or less in 
length. 

The germ tubes from the smut spores generally penetrate the 
coleoptiles on the third to the sixth day after inoculation. 

Hulling the seeds increased the susceptibility to infection. 

The life history of Ustilago striaeformis (Westd.) Niessl which 
parasitizes timothy has been outlined from experimental evidence. 
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ON THE ROLE OF CALCIUM HYDROXIDE IN HYDRATED 
LIME-ACID LEAD ARSENATE SPRAYS' 


By F. L. Campspe.u. 


Junior Chemist in Sewage Investigations, Department of Entomology, New Jersey 
Agricultural Experiment Station 


INTRODUCTION 


Hydrated lime has been used successfully in many parts of the 
country to reduce or eliminate injury to tender foliage caused by 
acid lead arsenate (PbHAsO,).2. In New Jersey, however, there are 
on record in the office of the State entomologist at least two authentic 
instances of severe arsenical injury to foliage caused by hydrated lime- 
acid lead arsenate sprays. This paper is the result of an —— to 
determine what conditions would make possible such unusual foliage 
injury. The chemical reactions in vitro of the combination spray are 
considered first, and its possible effect on foliage is then discussed. 


THE REACTION BETWEEN CALCIUM HYDROXIDE (Ca(OH),) AND 
ACID LEAD ARSENATE (PbHAsO,) 


It has been known for many years that ammonium hydroxide 
(NH,OH) will react with acid lead arsenate (PbHAsO,) to form a 
basic lead arsenate. It follows by analogy that calcium hydroxide 
(Ca(OH).), or any other base, would likewise tend to convert acid 
lead arsenate to a more basic compound. Robinson (/0)° believes 
that the following reaction takes place in acid lead arsenate-lime sul- 
phur mixtures containing an excess of calcium hydroxide: 3PbHAsO, 
+ Ca(OH).—Pb;(AsO,),+ CaHAsO,+2H,0. This supposition is the 
only reference to the reaction which the writer has been able to find. 

A few semiquantitative experiments on the foregoing reaction were 
performed by William Moore and the writer, of which the following 
will serve as an example: Two grams of acid lead arsenate were 
suspended in 400 c. ¢. of distilled water containing a few drops of 
phenolphthalein indicator, and 10 ¢. ¢. of a saturated solution of 
calcium hydroxide were added. The flask was stoppered and shaken 
until the red color which resulted from the addition of the calcium 


1 Received for publication Feb. 21, 1925; issued January, 1926. Paper No. 226 of the Journal series, New 
Jersey Agricultural Experiment Station, Department of Tistoenslens: The writer is indebted to William 
Moore for permission to use unpublished data obtained in 1921-22 at the Japanese Beetle Laboratory, 
Riverton, N.J. T.J.Headlee andJ W. Shive, of Rutgers University, provided facilities for experimenta- 
tion. Suggestions from all three have been gratefully accepted. 

2 The term ‘‘acid lead arsenate” for PbH AsO, has been adopted for this paper in accordance with the 
nomenclature used by Cook and McIndoo (2, p. 2). 

3 Reference is made by number (italic) to ‘‘Literature cited,”’ p. 82. 
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hydroxide disappeared. Another 10 c. c. portion of the calcium 
hydroxide solution was immediately added to the contents of the 
flask, and the shaking was resumed until the color again disappeared. 
In the same manner 12 more 10 ¢. c. portions of the base were added 
before the color remained permanently, which occurred 55 minutes 
after the beginning of the experiment. This experiment was analo- 
gous to an acidimetric titration. The amount of calcium hydroxide 
used was considerably greater than that required by Robinson’s 
equation, indicating the formation of more basic compounds. Since 
an excess of ammonium hydroxide will convert acid lead arsenate to 
basic lead arsenate (Pb,PbOH (AsO,);), (6,7), it is not unreasonable 
to assume that calcium hydroxide in excess would do likewise; so, for 
the purpose of discussion, the reaction may be represented by the 
equation: 5PbHAsO, +3Ca(OH).—Pb,(PbOH) (AsO,); + Cas (AsO,) » 
+5H,0. The reaction was completed sooner by the addition of 
10 c. ¢ portions of the calcium-hydroxide solution than by the ad- 
dition of 50 ¢. ¢. portions, apparently in contradiction to the law of 
mass action. The particles of acid lead arsenate must have been 
less susceptible to byarive in higher concentrations of calcium 
hydroxide. 


EFFECT OF CALCIUM HYDROXIDE ON “SOLUBLE ARSENIC” IN 
HYDRATED LIME-ACID LEAD ARSENATE SUSPENSIONS 


A comparison was made between the amounts of soluble arsenic 
in filtrates from suspensions of acid lead arsenate and in filtrates 
from suspensions of hydrated lime-acid lead arsenate. (Two grams of 
acid lead arsenate, or 2 gms. acid lead arsenate plus calcium hydroxide 
in considerable excess of the amount required to complete the re- 
action were shaken at intervals for an hour in 1-liter flasks with 
400 c. c. of water... The suspensions were then filtered and the fil- 
trates analyzed for wees arsenic by the analytical part of 
the method of the Association of Official Agricultural Chemists (/). 
About 50 analyses were made, for which different brands of acid lead 
arsenate were mixed with hydrated and freshly slaked lime in both 
tap and distilled water. In every case the amount of soluble arsenic 
from acid lead arsenate was substantially increased by the addition 
of the lime. Some characteristic results are shown in Table I. 
These are in contradiction to the tradition that “lime takes care of 
soluble arsenic.” It is not asserted, however, that the relative 
amounts of soluble arsenic in suspensions of acid lead arsenate with 
and without the lime would have been the same if the suspensions 
had been agitated for a period longer than one hour. Cook and 
Meindoo (2, p. 17) have shown that in acid lead arsenate-Bordeaux 
combinations soluble arsenic decreases as the period of agitation in- 
creases, the converse being true for suspensions of acid lead arsenate 
alone. This may be true of calcium Snrdenaiio-acid lead arsenate 
combinations also. It is maintained, nevertheless, that these results 
indicate the probability of the existence of a higher concentration 
of soluble arsenic in a spray tank containing the combination spray 
than in one containing only acid lead arsenate. 
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TaBLE I.—Relative weights of arsenic oxide (As2.0s) made soluble in a suspension of 
acid lead arsenate and in suspensions of acid lead arsenate plus calcium hydroxide 


Weight of 
arsenic 
oxide found 


Added to 2 gms. acid lead arsenate and 400 c. c. distilled water | 
: in filtrate 


Gm. 
Nothing-........- : 0. 0004 
1 gm. hydrated lime - . 0022 
2 gms. hydrated lime - - . 0039 
1 gm. freshly slaked lime = . 0017 
2 gms. freshly slaked lime .0014 


THE EFFECTS OF Ca(OH),+PbHAsO, SPRAY ON FOLIAGE 


If a combination spray contains more soluble arsenic than an acid 
lead arsenate spray, the former must cover the foliage with a higher 
concentration of soluble arsenic than the latter, at least while the 
spray is drying. But the probability of foliage injury is supposed to 
be directly proportional to the concentration of soluble arsenic on 
the leaf surface, and the combination spray is known to be safer than 
the acid lead arsenate. The problem is, therefore, to reconcile these 
apparently incompatible facts. 

f the reaction between acid lead arsenate and calcium hydroxide 
be borne in mind, it will be evident that the compound forming the 
soluble arsenic of the combination spray will not be the same as 
that forming the soluble arsenic of the acid lead arsenate spray. In 
the former case it should be a solution of acid calcium arsenate 
(CaHAsO,) or tricalcium arsenate (Ca,;AsO,),.2H,O); in the latter 
case asolution of arsenic acid (H,;AsO,), which, according toMec Donnell 
and Graham (8), results from the hydrolysis of acid lead arsenate. 
Moore suggested that equal weights of arsenic in arsenic acid and in the 
calcium arsenates might have a greater toxicity in the former com- 
pound than in the latter. If such be the case, soluble-arsenic deter- 
minations, without a knowledge of the soluble compounds concerned, 
would fail to serve as indices of the phytotoxicity of arsenical sprays, 
and the low toxicity to foliage of PbHAsO, + Ca(OH), sprays as 
compared with that of PhHAsO, sprays might be explained. 

7 sont suggestion was tested experimentally by the writer in 
1924 at Rutgers University. Neutral solutions of the arsenates of 
sodium, potassium, calcium, and barium were prepared by partial 
neutralization of identical volumes of arsenic-acid solution by the 
hydroxides of the four metals. The end points were determined by 
the usual colorimetric hydrogen-ion methods. Each solution was 
diluted with the volume of water requisite for an arsenic concentration 
of 0.184 gm. per liter. In neutral solution, of course, all the arsenates 
were present as acid salts. Young Black Valentine bean plants were 
sprayed in a greenhouse, temperature 30° C., with each of the fore- 
going solutions and with a solution of arsenic acid of the same arsenic 
concentration. Both surfaces of the leaves were sprayed, the pot 
soil being covered by a towel to catch the drippings. Large drops 
hanging from the leaf tips after spraying were jarred off. The results 
of this experiment are cutlined in Table II. 
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TaBLe II.—E ffect of five arsenate solutions on Black Valentine bean foliage (arsenic 
concentration 0.184 gm. per liter) 


Hours Condition of leaves sprayed with solutions of arsenate of— 
after 
spray- | 
ing Hydrogen Potassium Sodium Calcium Barium 
4 Losing turgidity. Normal ..---| Normal. --- Normal - . .-| Normal. 
8_......| Wilted ..... Losing turgidity_| Losing turgidity ..do- a Do. 
24 Completely fiac- Completely fiac- | Completely fiac- |_....do.__.--. Do. 
cid. cid. i cid. 
48_.. Shriveled and Shriveled and | Shriveled and | Terminal leaves | Terminal leaves 
dry. dry. dry. slightly curled. slightly curled. 


Arsenic acid was most toxic to bean foliage. The arsenates of 
sodium and potassium were almost as toxic as the acid and were 
about equal in their effects. There was a wide difference in the high 
toxicity of the foregoing arsenates and in the almost complete innocu- 
ousness of the arsenates of calcium and barium. The fame group 
killed the plants, whereas the latter merely caused a slight curling 
of the terminal leaves. Moore’s supposition that arsenic in calcium 
arsenate might be less toxic to foliage than arsenic in arsenic acid 
was thus strikingly verified. 

The fact that neutral solutions of the arsenates of sodium and 
potassium were nearly as toxic as the solution of arsenic acid shows 
that the difference in hydrogen-ion concentration between arsenic acid 
and neutral calcium arsenate solution is not the cause of the great 
difference in toxicity of the two solutions. The writer believes that 
this difference may be at least partly explained by the difference in 
solubility of arsenic acid and calcium arsenate. Cell penetration b 
ions or molecules is partially a diffusion process (3), the rate of which 
depends on the concentration gradient veh the inside and out- 
ade of cells. As the spray dries the more soluble arsenic acid forms a 
film on the leaf surface of higher arsenic concentration than does the 
calcium arsenate solution, already nearly saturated. Of course, dif- 
ferences in percentage of ionization and the specific influence of the 
cations on cell permeability may also play a part. 


EXPLANATION OF THE OCCASIONAL INJURY TO FOLIAGE CAUSED 
BY Ca(OH).+PbHAsOQ, SPRAYS 


The foregoing experiments suggest that a calcium hydroxide-acid 
lead arsenate spray which throws a trace of calcium arsenate into 
solution would not be injurious to foliage unless a further chemical 
change should take place on the leaves—a change which would per- 
mit a higher concentration of soluble calcium arsenate to exist on 
the leaf surface than is present when the spray is applied. As long 
as calcium hydroxide is present on the leaf surface it will probably 
repress the ionization of. edisiuan arsenate below a potentially in- 
jurious level. But if the calcium hydroxide is converted to calcium 
carbonate (CaCO;) by carbon dioxide (CO,) of the air, its protective 
effect would be lost. Lovett (5) says, “‘Wherever CaO is present in 
even slight excess so that Ca(OH), may be found qualitatively in 
solution, no soluble arsenic will occur,” but as for calcium carbonate 
“this latter material reacts very slowly with the calcium salts and does 
not prevent the formation of soluble arsenic.” 
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vic A few experiments were made by the writer to determine how long 
a heavy coating of calcium hydroxide on a leaf surface would resist 
total conversion to calcium carbonate. A few drops of a calcium 
hydroxide solution were added to 200 c. c. of distilled water con- 
taining phenolphthalein until the water was barely pink. The flask 
was «Fae until the color disappeared. A normal bean leaf was 
dropped into the flask, which was again shaken. No color developed. 
To another 200 c. c. of distilled water similarly treated was added, 
immediately after it had dried, a bean leaf which had been sprayed 
s on both sides with a freshly slaked lime suspension. The flask was 
. shaken for a few minutes and the contents titrated. The solution 
required 2.85 c. c. of 0.01 normal hydrochloric acid to decolorize it. 
yf Kight days later a solution from three leaves, which bore a heavy 
- white coating, was titrated. Only one drop of the acid was required 
h to decolorize the faintly pink solution. Calcium hydroxide was no 
- longer present. Similar experiments were made on leaves sprayed 
p with a mixture of calcium hydroxide and acid lead arsenate; the 
g former was destroyed within eight days. 
n In practice, then, one would expect calcium hydroxide to be con- 
d verted to calcium carbonate within a few days. Then, according 
to Patten and O’Meara (9), carbon dioxide would react with tri- 
d calcium arsenate and convert it to the more soluble acid calcium 
8 arsenate from which foliage injury might result, provided weather 
| conditions were conducive to the penetration of arsenic into the 
t epidermal cells. It is also possible that carbonic acid might react 
t with basic lead arsenate, rendering it more soluble, but no experi- 
" mental evidence seems to exist for such a reaction, which, therefore, 
y will not be considered. The recent extensive experiments of Morris, 
Swingle, and Burke (//) and those of Fernald and Bourne (4) have 
x determined the meteorological conditions under which maximum 
. arsenical injury to foliage will occur. High humidity and tempera- 
, tures over a long period of time are, according to these authors, the 
4 optimum conditions for arsenical injury. Visible wetness of foliage 
, is apparently of no importance. It is probable, then, that the cases 
of arsenical injury to foliage in New Jersey by Ca(OH), + PbhHAsO, 


sprays were caused by dissolved acid calcium arsenate under hot 
) and humid conditions, which are so likely to occur in that State 
during the summer. 


] SUMMARY 
: The following series of reactions probably occur in combination 
calcium hydroxide-acid lead arsenate sprays: 
(1) In spray tank and on foliage while there is an excess of 
calcium hydroxide: 5PbHAsO,+3Ca(OH),—Pb, 
(PbOH) (AsQ,); + Ca; (AsO,)> + 5H,O. 


(2) On foliage: Ca(OH),+CO,—CaCO,;+H,0. 
(3) On foliage: Ca;(AsO,),+ CO,+H,O-+2CaHAsO, + CaCO, 
The usual protective effect on foliage of calcium hydroxide in 
acid lead arsenate combination sprays may lie in the fact that soluble 
calcium arsenate from such sprays is less toxic to foliage than soluble 
arsenic acid from sprays of acid lead arsenate alone. Apparently 
under warm and humid conditions, however, such as often occur in 
New Jersey, acid calcium arsenate (equation 3) may become present 
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on foliage sprayed with Ca(OH),+PbHAsO,, in high enough con- 
centration and over a sufficient period of time to cause severe foliage 
injury. 
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STUDIES ON THE INFLUENCE OF SOME ENVIRONMENTAL 





FACTORS ON THE DEVELOPMENT OF CROWN GALL' 
By A. J. Riker? 
Instructor and Assistant Plant Pathologist, University of Wisconsin 


INTRODUCTION 


In both experimental work and field experience wide variations in 
the development of crown gall have been encointered. In some 
cases these variations appeared to be due to the resistance of indi- 
vidual plants or to the method of inoculation, but most of them 
seemed to be caused by variation in one or another external influence. 
Hedgecock (4)* and others have reported that the conditions of 
growth affected considerably the development of crown gall. Conse- 
quently, it was decided to study the influence of some of the environ- 
mental factors on plants inoculated with crown gall and on the 
causal organism, Bacterium tumefaciens Smith and Town. 

The strain of the crown-gall organism used in these studies was 
isolated from a cultivated raspberry (var. Kansas) in 1920 at Madi- 
son, Wis. It is described in an earlier publication (/0). Since then 
it has been passed twice through tomato. 

In order to determine whether different temperatures were 
important in the development of crown gall, 2 tomato plants with 10 
stem inoculations each were placed in each of 3 temperature chambers. 
These chambers, designed and operated by James Johnson, were so 
regulated that the moisture of the air was practically constant at 70 
yer cent saturation, while the temperatures of the air in the 3 cham- 
ers varied between 18° to 22°, 29° to 30°, and 36° to 38° C., respec- 
tively. At the end of 2 weeks the plants in the 18° to 22° C. chamber 
showed 20 galls, while none appeared on the others. The plants 
were then removed from the temperature chambers and sland ona 
greenhouse bench, where the temperature varied between 18° and 
25° C. At the end of 3 weeks more the plants which had originally 
been in the 18° to 22° C. chamber showed 20 well-developed galls, 
those in the 29° to 30° C. chamber showed 20 small, poorly Sectieped 
galls, while those in the 36° to 38° C. chamber ved no proliferation 
at all (pl. 1, A). 

Preliminary experiments were set up to determine the effect of 
moisture on the development of galls. Eight raspberry stems and 
4 tomato stems were inoculated with the crown-gall organism in 6 

ylaces each by needle punctures. According to the method described 
»y Keitt (7), these were wrapped with small strips of cheesecloth 
which were so arranged that the lower portion ended in Erlenmeyer 
flasks containing distilled water. Thus the inoculations were kept 
moist with water which ascended the cloths by capillarity. An 
equal number of controls were prepared in a ee manner, except 


1 Received for publication Jan. 7, 1925; issued January, 1926. 

2 The writer wishes to express his appreciation for the advice and assistance given him by Profs. L. R. 
Jones and G. W. Keitt, of the University of Wisconsin, in prosecuting this work, which was done while 
the writer was a National Research Fellow in the Biological Sciences. 

3 Reference is made by number (italic) to “‘ Literature cited,”’ p. 96. 
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A.—Representative tomato stems from plants which were inoculated by needle punctures. They were 
kept in chambers where the air temperatures were regulated at 18° to 22°, 29° to 30°, and 36° to 38° C., re- 
spectively, from left to right. After 2 weeks only the one at the “g° showed galls. The plants were then 
placed on a greenhouse bench for 3 weeks and photogr aphed. 

B.—Raspberry stem, which was inoculated by a number of needle punctures and supplied with moisture 
by means ofa wick. xX % 

C.—Same as B, except no moisture was supplied. xX 3 

D.—Representative tomato stems, which were noculated and kept at soil te mperatures, respectively, 
from left to right, of 14°, 18°, 22°, 26°, 30°, and 34° C., and 60 per cent moisture. x % 

E.—Combination Wi ise onsin soil- -temperature and soil-moisture tank serigs in operation 3 weeks after 
planting. The final results are shown in Plates 2 and 3. The arrangement and method of planting are 
shown in Figures 1 and 2. X 
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that they were not supplied with moist wrappings. As the galls 
developed a striking difference was observed in the woody stems. 
Comparatively large galls developed where there was abundant 
moisture, while only very small galls developed where the surface 
was exposed to drying influences (pl. 1, B, C). On the wrapped and 
unwrapped stems of tomatoes the development of the galls was 
more nearly equal. It appeared that the succulence of the tomato 
stem compensated in some degree for the difference in moisture 
about the gall. 

These preliminary experiments seemed to justify more extensive 
study on the development of crown gall as related to temperature 
and moisture. 


INFLUENCE OF SOIL TEMPERATURE AND SOIL MOISTURE 


A combination temperature and moisture series was arranged 
which employed the Wisconsin soil-temperature tanks described by 
Jones (6). The tomato was chosen as the host plant most conven- 
iently available at all times of the year. This also was well suited 
to the type of apparatus, since soil may be readily removed from or 
heaped about the base of the stem in experimental operations without 
serious disturbance of the plant. This series comprised 6 tanks, 
each of which contained 8 soil cans. These cans were circular, with 
a diameter of 6 inches and a height of 10 inches. Two plants with 
5 inoculations each were placed in each can. The tanks were adjusted 
to 14°, 18°, 22°, 26°, 30°, and 34° C. In each tank a pair of cans 
contained soil which was adjusted respectively to 20, 40, 60, and 80 
per cent of its moisture-holding capacity. The soil used was rich 
sandy loam, taken from the pathology garden at the University of 
Wisconsin. The following determinations were made on four 





samples: 

Average weight of natural soil__-__- Sic das oni wise ows a 
Average weight after 48 hours at 105° C________.__-_do____ 358.9 
Average weight moisture lost__---- a ase 
Average weight saturated soil___-_...------- — = -_ 
Moisture held by saturated soil___._..-_..-------- 0... BE 
Saturation of natural soil _ _----- a ee ..-per cent.. 62 

Moisture-holding capacity (in terms of dry weight)_-do_-_. 45.7 
Wilting coefficient______--_- SEAS St A —— Te 8. 5 


The wilting coefficient was calculated from the moisture-holding 
capacity by Briggs and Shantz formula (7). The arrangement of 
the tanks and the method of planting the inoculated tomato stems 
in the soil cans may be seen in Figures 1 and 2. 

The tank series was begun on October 6 and terminated November 
21, 1923. Plate 1, E, shows it in operation. The temperatures, 
which were read every morning and evening throughout the series, 
did not vary more than 1 degree from the temperatures given, except 
in the 34° C. tank. The moisture loss was determined every second 
day by weighing the cans, and was restored. It is believed that the 


. method of watering provided sufficient aeration for the soil. How- 

: ever, it seems probable that the soil which contained a higher per- 
centage of moisture held a smaller portion of air. 

. At the conclusion of the experiment the heights of the plants were 


recorded (see Table I) and representative cans at each temperature 
and moisture were photographed. Then the stems were washed 
free from the soil and the numerous adventitious roots were cut off, 
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All the galls were measured to determine the average diameter, the 
average displac ement, and the average weight (see Tables II, III, IV) 


These are shown Ww ith 


OO 


Representative galls were then photogr aphed. 
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Fig. 1.—Arrangement of Ping series in 6 Wisconsin soil- a. ature tanks in study of the relations of soil 
temperature and soil moisture to development of crown gall. The larger circ les represent the culture 
cans. The smaller circles indicate the location of thermostats, heating units, and thermometers. (For 
illustration of the tank series in ys. see pl. 1, E.) The temperatures were regulated at approxi- 
mately 14°, 18°, 22°, 26°, 30°, and 34° C. Within each tank the soil moistures were maintained at 20, 40, 
60, and 80 per cent of the moisture-holding capacity of the soil 


the tops in Plates 2 and 3. 


All the photographs of the tops have the 
same magnification. 


Likewise the pictures of the galls are all on the 























Fic. 2.—Method of planting the tomatoes inoculated with the crown-gall organism in the soil cans pre- 
pared to study the effect of soil temperature and soil moisture on the development of crown gall 
a. Glass tube leading to inverted flowerpot, b 
b. Inverted flowerpot, which formed a cavity to receive the water thus introduced through a to the 
lower part of the can 
c. Weights introduced to bring all the cans, with their watering apparatus, to uniform weight 
d. Arrows indicate positions of inoculation punctures, which passed entirely through the tomato stem 


same scale. This renders it possible to make direct comparison from 
one photograph to another of the relative sizes of the different parts 
of the plants, 
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the TaBLE I.—Average height of tomato plants from a tank series for studying the 
V) relation of soil temperatures and soil moistures to the development of crown gall 
ith — 
Height of plants at stated temperatures (centi- 
7 = grade) 
Soil 
moistures 
14° | 18° | 22° 26° 30° 34° 
cae 4 | 
Per cent Cm. Cm. | Cm. Cm, Cm. Cm. 
seonnel ae 26.7 | 40.1 40. 6 46. 2 41.7 
ae 19.7 | 2.5 | 248 | 22.6 | 368 | 34.6 
cme 14.4 16.6 | 21.9 27.7 28. 2 27.4 
.... --| 100 | 11.7 | 114 14.9 160 | 169 
TaBLE II.—Average diameters of crown galls on tomatoes from a tank series for 
studying the relation of soil temperatures and soil moistures to the development 
= of crown gall 
“ 
For 
‘OXI- 
40, Diameters of galls at stated temperatures (centi- 
mee grade) 
Soil 
moistures |— 
he 14° 18° 22° 26° 30° 34° 
he Sees i St 
Per cent Mm. Mm. Mm. Mm. Mm. Mm. 
See 9. 6 11.0 13.5 12.2 .2 2.1 
=e 12.0 14.0 16.0 14.9 7.6 4.9 
_ SNPses 10.8 12.7 14.0 11.7 6.0 3.5 
ae 6.7 9.5 9.8 96 | 3.0 2.6 
TaBLeE III.—Average displacement of crown galls, with uniform lengths of stems 
and roots of tomatoes from a tank series for studying the relation of soil tempera- 
tures and soil moistures to the development of crown gall 
Displacement at stated temperatures (centigrade) 
Soil : i 
moistures | 
14° 18° 7» | 30° 34° 
Per cent C..2, C.¢. cc ¢: C.c¢ C.¢€ C.€. 
80 6.7 8.2 12.5 10.5 4.3 3. 5 
60 : 10.0 13.0 17.7 | 12.7 5.5 3.5 
40 8.0 92 |) 1.0] 7.2 3.7 2.5 
20 3.2 5.2 6.0 | 5.0 2.5 2.3 
TaBLE 1V.—Average weight of crown galls, with uniform lengths of stems and rools 
of tomatoes from a tank series for studying the relation of soil temperatures and 
soil moistures to the development of crown gall 
Weight at stated temperatures (centigrade) 
Soil 
moistures | 
14° ri ee 26° 30° 34° 
| 
| - | 7 
| Per cent Gms. Gms. | Gms. Gms. Gms. Gms. 
e. 80 7.2 85 | 125 10.0 3.6 3.5 
60 9.7 13.0 | 17.5 12.5 5.2 3.2 
40 7.5 87 | 11.0 7.0 3.2 2.2 
20 3.2 7 5.5 5.0 2.2 2. 
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SOIL TEMPERATURES, CENTIGRADE 








Photographs of above-ground portions of tomatoes inoculated with the crown-gall organism and 
grown in a tank series where soil temperatures and soil moistures were controlled. 
general effect of the various environments on the growth of the tomato plants. ty 

A.—Representative plants (from left to right, respectively) which were taken from the tank series 
where the soil temperatures were regulated at 14°, 18°, 22°, 26°, 30°, and 34° C., and the moisture was 
adjusted to 20 per cent of the moisture-holding capacity of the soil. The method of inoculation 
and planting is shown in Figure 2 


B.—As A, except the moisture was adjusted to 40 per cent of the moisture-holding capacity of the soil 

C.—As A, except the moisture was adjusted to 60 per cent of the moisture-holding capacity of the soil 

D.—As A. except the moisture was adjusted to 80 per cent of the moisture-holding capacity of the soil 

The tallest plants occurred at about 30° C. and 80 per cent moisture. The corresponding gall develop- 
ment may be seen in Plate 3 


These show the 
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Photographs of the inoculated portions of the plants shown in Plate 2, showing the relative develop- 


ment of crown galls under different conditions of temperature and moisture. 


A.—Representative pairs of tomato stems (from left to right, respectively) from the tank series 


where the soil temperatures were regulated at 14°, 18°, 22°, 26°, 30°, and 34° C., and the moisture 


was 


adjusted to 20 per cent of the moisture-holding capacity of the soil. The method of inoculation and 


planting is shown in Figure 2 


Sy —As A, except the moisture was adjusted to 40 per cent of the moisture-holding capacity of the soil 

—As A, except the moisture was adjusted to 60 per cent of the moisture-holding capacity of the soil 
ite A, except the moisture was adjusted to 80 per cent of the moisture-holding capacity of the soil 
The largest galls occurred at 60 per cent moisture at 22° C. There was considerable inhibition of 


gall development at 30° C. and above 
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The results of this series show that soil which contained 80 per 
cent of its moisture-holding capacity was the best for host develop- 
ment, while that which contained only 60 per cent was most favor- 
able for gall development. Although these results have not been 
accounted for, it is worth noting that the soil containing 80 per cent 
of its moisture-holding capacity held less air than that containing 
60 per cent. There may be some correlation between the develop- 
ment of gall, abundant moisture, and abundant air supply. fn 
regard to temperature, it may be seen that about 22° C. was the most 
favorable for gall development and that galls of similar size were 
yroduced at 18° and 26° C., while the host plant reached maximum 
eight at about 30° C. At this latter temperature there seemed to 
be considerable inhibition of gall development, which was even more 
marked at 34° C. Up to 22° C. there seemed to be a direct corre- 
lation between rise of temperature, host size, and crown-gall develop- 
ment. <A consideration of the physiological differences produced 
in the host and parasite by different temperatures, which might 
account for the slcdedisent here described, is beyond the scope of 
this work. 

The results of this first series were checked in two other trial 
series where similar methods were employed, except for the minor 
variation that 75 gms. of mineral wool were placed on the surface 
of each can. The second series ran from March 15 to May 14, and 
the third from May 21 to July 19, 1924. In these supplementary 
series adjustments were made to the same temperatures and mois- 
tures. However, the soil for the temperature series was held at 
60 per cent of its moisture-holding capacity, while the soil for the 
moisture series was held at 22° C. In both these later series no gall 
developed at 34° C. (pl. 1, D). The averages of the height of plants, 
diameter, weight, and displacement of galls for the temperatures 
and moistures of these series are not given in detail because of their 
similarity to the first series. However, they are incorporated in a 
summary with the first series in Table V. 





TABLE V.—Summary of the results in:three tank series of tomatoes inoculated with 
crown gall prepared to study the effect of soil temperatures and soil moistures on 
the development of crown gall 


[Under the degrees of temperatures are given the averages for all moistures. Under the per cent of moistures 
are given the averages for all temperatures] 





Results at stated per 
cent of the moisture- 
holding capacity 


Results at stated temperatures (cen- 
tigrade) 


20 40 60 80 
14° 1g° | 22° | 2° | 30° | 34° per | per | per | per 
cent cent | cent | cent 





Height of plants in centimeters__---_-_.--- 23.9 | 20.2 31.8 | 34.4 | 37.9 | 37.1 | 13.5 | 19.9 | 27.8) 36.8 
Diameter of galls in millimeters. ........; 12.1 | 13.7 15.4 | 13.9} 7.0 3.5; 69) 11.3 | 12.4 9.5 
Displacement ofgallsincubiccentimeters' 8.3 9.8 13.2, 96) 45, 29) 40) 7.3 10.1  § | 
Weight of galls in grams_..............-. 8.2) 99/129) 94) 41 241 26) 7.2 9.9 7.3 


The most favorable temperatures employed for the tomato plants 
were 22° to 30° C., while the best moisture was about 80 per cent of 
the moisture-holding capacity of the soil. These results are in accord 

a) . 
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with those obtained by Clayton (3, 4). The optimum temperature 
for the development of gall was about 22° C. and the optimum 
moisture was about 60 per cent of the moisture-holding capacity of 
the soil. At 30° C. and above the development of the galls was con- 
siderably inhibited. 

A temperature series similar to the tomato series was set up with 
soil containing 60 per cent of its moisture-holding capacity in which 
inoculated raspberry plants were the host. Since a large number of 
these plants died, especially at the higher temperatures, one could 
not have confidence in any measurements of galls on the remaining 
ylants. However, galls were found at 14°, 18°, 22°, 26°, and 30° C., 
Put none at 34° C. It appeared that larger galls occurred near 22° 
C., as in tomatoes. 

The difficulties of holding a large quantity of soil at a uniform 
temperature in a greenhouse, where the presence of direct sunlight 
was responsible for sudden changes in thermometric readings, made 
it seem advisable to perform further experiments at the critical tem- 
peratures under more accurately controlled conditions. For this 
reason a series of experiments was set up in temperature chambers 
where the air temperatures were automatically regulated. 


INFLUENCE OF AIR TEMPERATURE 


A series of inoculated tomato plants was placed in the three air- 
temperature chambers previously mentioned. The temperatures 
were regulated at different points with one and another series of 
plants. The relative humidity in each chamber was kept at about 
70 per cent saturation. A statement of the temperatures, the num- 
ber of inoculations, and the results are given in Table VI. 

TaBLeE VI.—Summary of the results of inoculations upon tomato stems which were 
kept at varying air temperatures 
{In each case the moisture of the air was regulated to 70 per cent saturation] 
a | 
Results at stated temperatures (centigrade) 


23° to 25° 25° to 27° 28° to 30° 31° to 32° 33° to 35° 35° to 37° 
Inocu- Galls Inocu- Galls Inocu- Galls Inocu- Galls Inocu- Galls Inocu- Galls 
lations; “| lations | ~** lations |“ | lations | “| lations | ~* lations |~°" 


20 20 60 60 60 | +60 100 0 20 0 40 0 
| | I I 


* These galls were very small and poorly developed in comparison with those produced 
at lower temperatures. 


Here it may be noted that in the range of temperatures tested no 
inhibition of gall development was produced below 28° C. Between 
28° and 30° C. the galls were distinctly inferior in development, while 
above 31° C. no galls were produced. The host plant grew fairly 
well at all these temperatures. 

Another set of tomato plants, including 20 inoculations, were 
placed in a chamber where the temperature was kept between 8° and 
10° C. This series was run from leanne 29 to March 3, 1924. In 
that time the plants made no apparent growth and no. galls devel- 
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oped. Other inoculated plants kept between 15° and 25° C. made 
good growth and produced well-developed galls. A duplicate series 
following this gave similar results. 

Thus it appears that temperatures below 10° and above 30° C., 
sroduce some very marked changes in the physiology of either the 
host or the parasite. Below 10° C. the host plant made practically 
no growth. It did, however, grow fairly well above 30° C. 


TEMPERATURE RELATIONS OF THE CROWN-GALL ORGANISM 
IN CULTURE 


The results obtained in the work on the influence of temperature 
on the development of crown galls made it seem advisable to study 
the response of the causal organism in culture to different tempera- 
tures. This was done in a series of experiments which involved the 
use of one solid and two liquid media. 

The solid medium was ‘ Difco” nutrient agar, with a P,, of 6.8, 
to which was added 1 per cent dextrose. Plates were poured so that 
about 30 surface colonies developed in each, and were incubated at 
6°, 10°, 14°, 18°, 22°, 26°, 30°, and 34° C. The first series was run 
9 days and the second 11 days. <A daily record was made of the 
temperatures, which did not vary more than 1°. Ten representa- 
tive surface colonies were measured for each temperature and the 
average wastaken. The results of the two series are averaged together 
and recorded in Table VII. Here it may be observed that no growth 
was found at 6° and 10° C., that the optimum for vegetation was at 
22° C., while the growth at 30°, and especially 34° C., was reduced. 
This correlates closely with the development of gall in the tomato 
plants. 


TaBLe VII.—Average diameter of surface colonies of the crown-gall organism 
on nutrient-dextrose agar at different temperatures for an average of 10 days 


Diameters in millimeters of colonies at stated tempera- 
tures (centigrade) 





6° 10° | 14° | 18° | 22° | 26° | 30° | 34° 


0.0 0.0 3.0 4.5 5.6 5.0 3.9 1.8 


One of the liquid media employed was that used by Mary W. 
Colley * plus 0.4 gm. dextrose to the liter. The medium used was 
made up according to this formula: 

Grams. 
Monobasic potassium phosphate _ 0.5 
Magnesium sulphate__- 2 
Dextrose ; : 5. 0 
Asparagin _- ree 1.0 
Water to 1,000 c. ¢. 


The reaction was adjusted as she suggested to about P, 6.2 instead 
of 7.0 3¢ as 60 avoid precipitation. Fifty c. c. of this medium were 
piaced -lia 20@ ©. c. Erlenmeyer flasks and autoclaved at 8 pounds for 


. v jae 





oo _— 
4 CoLLey, M_ W. STIMULATION PHENOMENA IN THE GROWTH OF BACTERIA AS DETERMINED BY NEPHE- 
LOVETRY. 1928. [Ufpv‘dlshed Diss., Columbia Univ.] 
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25 minutes. After inoculation three flasks were placed in each of 
the following temperatures: 6°, 10°, 14°, 18°, 22°, 26°, 30°, and 
34° C. A daily record was kept of the temperatures, which did not 
vary more than 1.5° except in two cases. The readings from the 





flasks involved in these two instances were omitted when the final 
7. averages were made. Growth was measured after 10 days by the 
_ turbidity as recorded with a nephelometer, and by hydrogen-ion 
readings made by the colorometric method. The standard solution 
SM used with the nephelometer was made with 1 c. c. of a 1 per cent 
3; solution of sulphuric acid, 98 ¢. c. water, and 1 c. ¢. of a 1 per cent 
solution of barium chloride, following the method of McFarland 
ure (8). All the readings were taken to compare with the standard set 
idyv at 20 mm. depth. An average of the readings made in two sets which 
ra- were incubated at different times are given in Table VIII. The 
the smaller figures show greater turbidity. Here it may be seen that the 
greater vegetative growth occurs in the range covered by 14° and 30° 
3.8. C., which corresponds with the production of galls in tomatoes. 
hat Acid was produced over the same range of temperatures. Colley 
at reported that this medium with 0.1 per cent dextrose instead of 0.5 
“un yer cent did not become more acid. A similar result was obtained 
the . the writer when the lower concentration of sugar was employed. 
‘a TasLe VIII.—Average nephelomeler and hydrogen-ion readings made on liquid 
the cultures of the crown-gall organism in Colley’s medium with one-half per cent 
her dextrose after 10 days at different temperatures 
rth ee oe ae 7 nae ’ as ad 
at Results at stated temperatures (centigrade) 
ed. 
- 6° | 10° | 14° | 18° | 22° | ae° | 30° | 34° | Som 
ism Nephelometer © (standard=20)..............| 68| 40| 31| 25| 19| 25| 38| 75| 150 
8 Hydrogen-ion -- - -_-- ‘ : 6.1; 62] 51) 49) 45] 46) 48) 59 6.1 
«In the nephelometer readings the smaller figures indicate greater turbidity. 
Tomato decoction was also used. It was prepared by steaming 
500 gms. of stems and leaves in 2 liters of water. This was filtered, 
adjusted to P,, 6.0, and subsequently treated as Colley’s medium. 
Two sets were incubated, one for 9 days and the other for 11 days. 
Some difficulty was experienced in getting growth in these cultures, 
but when growth once started abundant development was obtained. 
WV. The medium was so dark in color, and contained so much precipita- 
‘as tion, that growth was measured in both sets by taking the P,, reading 


after diluting with 10 volumes of conductivity water. The average 
for the flasks which showed growth is given in Table 1X. Here 
again the range of greater activity for the bacteria includes 14° to 
30° C. However, with this medium the bacteria produced an 
alkaline rather than an acid reaction. 
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TaBLE I[X.—Average hydrogen-ion readings made on liquid cultures of the crown- 
gall organism in tomato decoction after 9 to 11 days at different temperatures 


Hydrogen-ion readings at stated temperatures (centigrade) 


| 


| ’ | 

oe | 10° | 4° | 19° | 2° | 26° | aor | see | SO) 
trol 
1/67/72] 725 | 7 7 7.6 | 63 | 59 


INFLUENCE OF PREVIOUS INFECTION 


An effort was made to determine whether or not crown-gall infec- 
tion had any effect on the host which influenced its subsequent 
susceptibility to the disease. Six tomato plants were inoculated with 
5 punctures each. Forty-five days later, after the galls were well 
developed, the stems above the old galls were given 5 more similar 
inoculations. At the same time an equal number of control plants 
which had about the same stage of development were inoculated in a 
region with a corresponding degree of succulence. Twenty-five 
days later well-developed galls were found on all the later inoculations, 
while those from earlier inoculations showed increased development. 
No distinct difference could be noted between the galls on the control 
stems and those on stems which previously possessed well-developed 
galls. There seemed to be a slight advantage in size of the galls on 
the controls. However, this was insignificant and could easily have 
been accounted for by a difference in vigor of the plants as a result of 
the previous crown-gall infection. These results confirm the more 
extensive experiments made along this line by Smith (//) and 
Brown (2). 

It was considered that a succulent plant like the tomato would have 
a favorable opportunity for producing bacterial antibodies if such 
may be produced by plants. However, the results of these experi- 
ments indicated that if antibodies were developed they were not 
carried through the sap of the host so as to produce an effect in some 
other portion of the plant. Consequently, further experiments of 
this nature were not projected. 

However, an effort was made to determine whether or not any 
antibodies were produced in the gall proper and prevented from 
distribution because of the poor circulatory structures. Picado (9) 
has reported that antibodies may be produced in plants. Gall 
tissue ee tomatoes was ground with clean white sand in a mortar 
and the resulting pulp mixed with 16 parts of water. The liquid 
was decanted, Fe Hesy and sterilized by passage ein a 
Berkefeld filter. The resulting extract was perfectly clear and pale 
amber in color. Normal host stems were treated in a similar manner. 
In this case the resulting clear liquid was pale green at first, but 
soon turned yellow. Both extracts were tested with an active 
suspension of the crown-gall organism in physiological salt solution, 
but no agglutinins or precipitins were found in either at any con- 
centration. The bacteria grew well in both extracts, and actively 
motile bacteria were noticed in each liquid at the end of a half hour. 
1 hour, 2 hours, 3 hours, overnight, and after 2 days. This experi- 
ment indicated that if antibodies were produced in crown-gall tissue 
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they were not present in sufficient quantities to be measured by the 
ordinary methods. 

Although the crown-gall organism has not been found to produce 
antibodies in plants, it has produced them in considerable quantities 
when injected intraperitoneally into rabbits. A suspension of the 
living gall bacteria of the density used for staphylococcus vaccine 
was prepared fresh for each injection; 1 ¢. c. was injected into the 
abdominal cavity. This was followed in a week by 2 ¢. ¢., and 
after another week by 5c. ¢. The rabbit was bled from the heart 
at the end of the third week. The serum thus produced agglutinated 
the crown-gall organism in dilutions up to ond including 1 to 3,000. 

This experiment was performed in cooperation with Stevens (12), of 
the department of agricultural bacteriology, University of Wisconsin, 
to determine whether there was any close relation between the 
organism causing crown gall and those causing nodules on legumes. 
Although no connection was found between these bacteria, this 
experiment indicates that some of the plant pathogens as well as 
the legume bacteria (Stevens, 12) and the animal pathogens may lend 
themselves to seriological studies. 


SUMMARY 


Preliminary experiments in which tomatoes inoculated with the 
crown-gall organism were kept at 18° to 22°, 29° to 30°, and 36° to 
38° C. showed development of gall only at the lower temperature 
range. Also, inoculated stems of raspberry and tomato which were 
kept saturated with moisture showed increased development of 
galls, compared with others exposed to the air. This was especially 
true of the raspberry. 

Tomato stems were inoculated by needle punctures with the crown- 
gall organism, and the inoculated parts were placed under soil which 
was held for different plants at 14°, 18°, 22°, 26°, 30°, and 34° C., 
respectively. At each temperature soil-moisture trials were also made 
at 20, 40, 60, and 80 per cent of the moisture-holding capacity of 
the soil. The greatest development of the othemend parts of the 
host was reached at 22° to 30° C. and 80 per cent moisture. The 
largest galls were found at 22° C. for all moistures and at 60 per cent 
moisture for all temperatures. Gall development was reduced at 
30° C. and above. The optimum of both temperature and moisture 
for disease development on the tomato was found to be slightly 
lower than that for the host plant. 

A temperature tank series in which raspberries were employed 
gave inconclusive results in regard to gall development, but sug- 
gested a range similar to that of tomatoes. 

The critical temperatures of gall formation were further tested 
in chambers where the air temperatures were closely regulated. 
At 28° to 30° C. only poorly developed galls were wee his § while 
none at all developed above 30° C. The tomato plants, however, 
grew fairly well above 30° C. 

Inoculated tomato plants kept in chambers where the air temper- 
ature was regulated to 8° to 10° C. made practically no growth 
and produced no galls in a month’s time. 

The temperature relations of the crown-gall organism were studied 
with three kinds of media. On nutrient-dextrose agar the largest 
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colonies were produced in the range of 14° to 30° C. In modifie 
Colley’s medium the largest vegetive activities as well as aci¢ 
production occurred over the same range. In tomato decoctio 
the greatest P, change, which was on the alkaline side, covered tl 
same temperatures. These all correlate closely with the productios 
of galls in tomato. 

Previous infection did not appear to influence gall development 
Tests for precipitins and agglutinins in the host tissue near the gal 
and in the galls proper gave negative results. 

The crown-gall organism did produce agglutinins when injected inte 
arabbit. The serum was effective in dilution of 1 to 3,000. 
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